INDEX TO VOL. VIII. 


SCHOOL SCIENCE 
MATHEMATICS 


A Journal for Science and Mathematics Teachers in Secondary Schools 


Founded by C. 


CHAS. H. SMITH 
EDITOR 
Hyde Park High School, Chicago 


Se Z iné barge 


CHAS. M. TURTON 
BUSINESS MANAGER 
South Chicago High School, Chicago 


DEPARTMENTAL EDITORS 


BOTANY—O. W. CALDWELL 
School of Education, University of Chicago 


CHEMISTRY—A. L. SMITH 


Englewood High School, Chicago 
EARTH SCIENCE—C, E. PEET 
Lewis Institute, Chicago 


MATHEMATICS PROBLEMS—IRA M. DE LONG 
University of Colorado, Boulder, Colorado 


MATHEMATICS and ASTRONOMY—G. W. MYERS 
University of Chicago 

and -H. E. COBB 
Lewis Institute, Chicago 

METROLOGY—R. P. WILLIAMS 


Cambridge, Mass. 
PHYSICS—W. BE. TOWER 


Englewood High School, Chicago 


SCIENCE QUESTIONS—FRANKLIN T. JONES 
University School, Cleveland, Ohio 


ZOOLOGY —H, R, LINVILLE 
Jamaica High School, New York City 


SCHOOL 8S 


CIENCE AND MATHEMATICS 


SMITH & TURTON, 


Publishers 


440 KENWOOD TERRACE, CHICAGO 


Published Moathiy October to June, Inclusive 


Entered as 
under the 


Price, $2.00 Per Year; 25 Cents Per Copy 


second-class matter January 5, 1905, at the Post Office at Chicago, /llinois 
Act of Congress of March 3, 1879 








ASSOCIATE EDITORS 


L. D. AMES (Mathematics) 
University of Missouri, Columbia. 


ALBERT C. AREY (Zarthé Science) 
Girls’ High School, Brooklyn 


M. A. BIGELOW (Biology) 
Teachers College, Columbia University, New York 


N. HENRY BLACK (PaAysics) 
Roxbury Latin School, Boston, Mass. 


EDWARD BOOTH (Chemistry) 
University of California, Berkeley 


HORACE G. BYERS, (Chemistry) 
University of Washington, Seattle 


A. P. CARMAN (Physics) 
University of Illinois, Urbana 


CLARENCE E. COMSTOCK, (Mathematics) 
Bradley Polytechnic Institute, Peoria, Ill. 


R. H. CORNISH (Paysics) > 
Wadleigh High School, New York City 


HENRY CREW (P%ysics) 
Northwestern University, Evanston, Il, 


B. M. DAVIS (Zoology) 
State Normal School, Oxford, Ohio 


E. W. DAVIS (Mathematics) 
University of Nebraska, Lincoln, Neb. 


SAUL EPSTEEN (Mathematics) 
University of Colorado, Boulder, Colorado 


W. A. FISKE (P&ysics) 
Occidental College, Los Angeles, Cal. 


ROBERT W. FULLER (Chemistry) 
Stuyvesant High School, New York 


MISS EFFIE GRAHAM (Mathematics) 
High School, Topeka, Kan. 


JAMES W, GOLDTHWAIT (Earth Science) 
Dartmouth College, Hanover, N. H. 


E. GOODELL (PAysics) 
High School, Des Moines, Iowa 


J. E. GOULD (Mathematics) 
University of Washington, Seattle, Wash. 


WILLIAM M. GREGORY (Earth Science) 


Department of Geography, 
Normal School, Cleveland, Ohio 


F. P. GULLIVER (£arth Science) 
Norwich, Conn. 


WM. A. HEDRICK (Physics) 


McKinley Manual Training School, 
Washington, D. C. 


E. L. HILL (Biology) 
Collegiate Institute, Calgary, Alberta 


T. C. HOPKINS (4arthé Sctence) 
Syracuse University, Syracuse, N. Y 


0. C. KENYON (Physics) 
High School, Syracuse, N. Y. 


C. A. LAISANT (Mathematics) 
Paris, France 


THOMAS E. MCKINNEY (Mathematics) 


University of South Dakota, Vermillion 


C. D. MESERVE, (Mathematics) 
Newtonville High School, Newtonville, Mass. 


G. A. MILLER (Mathematics) 
University of Illinois, Urbana, I)) 


FRANK MORLEY (Mathematics) 
Johns Hopkins University, Baltimore. Md. 


LOUIS MURBACH ( Bioiogy) 
Central High School, Detroit, Mich. 


LYMAN C. NEWELL, ( Chemistry) 
Boston University, Boston. Mass. 


B. W. PEET, (Chemistry) 
State Normal College, Ypsilanti, Mich. 


E. C. PERISHO (Zarth Science ) 
State University, Vermillion S. D 


D. C. RIDGLEY (E£arth Science) 
Illinois State Normal University. Normal, IN. 
H. S. ROBERTSON (Mathematics and Physics) 
Provincial Normal School, Stratford, Ont., Can. 


FERNANDO SANFORD (PaAysics) 
Leland Stanford University, Palo Alto, Cal. 


E. P. SCHOCH (Chemistry) 
University of Texas, Austin, Texas 


ARTHUR SCHULTZE (Mathematics) 
High School of Commerce, New Yoru 


R. L. SHORT (Mathematics) 
Technical High School, Cleveland, Ohio 


Cc. A. SHULL (Zoology) 
Kentucky University, Lexington, Ky 


DAVID EUGENE SMITH (Mathematics) 
Teachers College, Columbia University, New York 


E. N. TRANSEAU (Botany) 
State Normal School, Charleston, Ill. 


F. R. WATSON (Physics) 
University of Illinois, Urbana 


W. W. WHITNEY (Biology) 
Soutb Chicago High School, Chicago, Il. 


C. T. WRIGHT (Zarth Science) 
Redlands, Cal. 


2 


~~ 


o 


Se em, 





yn 


1 


in. 


al. 


hio 


Ky 


ork 


Ill. 


Il 


Cal. 





SCHOOL SCIENCE 
AND MATHEMATICS 


Vor. VIII. No. 1 Cnicacd, JANUARY, 1908 WHOLE No. 57 








WHAT SHOULD SCIENCE CONTRIBUTE TO GENERAL 
EDUCATION ?* 


By Wma. Concer Morcan, 
Assistant Professor of Chemistry, University of California. 


In one of the dialogues of Lucian, Charon is represented as 
auctioning off the lives of the philosophers. A prospective pur- 
chaser approaches Pythagoras with the query: “And if I pur- 
chase you, what will you teach me?” To this question the 
answer is made: “I will not teach you anything. But I will 
remind you.” So let it be in the present instance. 

I take it for granted that that type of education is most worth 
while which develops the youth most completely; that which 
makes him a well-rounded individual, a cultured man—not in the 
sense that he possesses one or more university degrees, but 
rather that he feels a keen interest in all the greater movements 
which tend to improve or uplift mankind or to ameliorate his 
condition, whether they be in the world of thought or the world 
of things. 

Our present type of education was developed in the last half 
of the nineteenth century. Agitation for a change in older cur- 
ricula began about the middle of the century and at its close the 
new model was generally installed and in full operation. Ad- 
herents of the old form maintained that the study of Latin, 
Greek and mathematics furnished a training sufficient for all 


needs, a position based on the belief, centuries old, that a mind 


trained in one direction was trained in all directions. The best 
evidence for such a belief was its antiquity and when subjected 
to definite tests tending to demonstrate its truth or falsity, it 
crumbled to pieces even more quickly than did the Ptolemaic 
system of astronomy or the belief in the flatness of the earth. 
The mind must be trained, therefore, in different directions. 
Languages develop memory and teach orderliness and systematic 


*Read before the Pacific Coast Association of Chemistry and Physics Teachers. July 
27th, 1907. , 
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procedure in following absolute rules based not on logic or the 
casual relation. It is hoped that the linguistic sense of the 
student may be developed thereby. At any rate, to the receptive 
mind of the youth is presented the best offering that each people 
is able to bring and the elements of culture and a love for the 
beautiful are implanted beyond the power of later experiences to 
completely eradicate. In response to the demand for useful 
knowledge as contrasted with that which is less useful in every- 
day life, the modern languages take their places alongside of the 
classics. History furnishes training in the law of cause and 
effect. It relates as well a most interesting tale of the progress 
of our ancestors more or less removed. Mathematics trains in 
exactness and in logical deduction. Starting from a few self- 
evident truths of very wide significance, it reasons deductively in 
many directions along paths which grow increasingly narrower. 
Granting the premises, each step is a logical certainty. 

But of these premises from which we start our reasoning in 
every-day life! There is no authority by which we may be sure 
of them and if they be false, “all our lives are bound in shallows 
and in miseries.” Individual judgment is our only guide in this 
matter. But experience and a knowledge of the facts are pre- 
requisite for sound judgment; and not only a knowledge of the 
facts but of their relative values as well. In our contact with 
nature (using the term now in its widest sense) we obtain our 
facts by our “powers of observation.” If we be trained in this 
direction, we shall gradually learn to sift the essential from the 
non-essential and, as our experience grows wider, we shall be- 
come increasingly able to infer correctly probable results from 
antecedent conditions. From the facts which we observe cor- 
rectly in the situation confronting us at present, coupled with 
our experience in similar situations in the past, we shall become 
increasingly able to generalize essential relations in terse mental 
formule or to phrase our general conclusions in proverbial ex- 
pressions ; for what the proverb is in every-day life, the law or 
principle is in science. To say of an individual that he is a good 
judge of men or of crops or of the market or of any other con- 
dition simply means that he surpasses his fellows in his power 
of close and accurate observation of facts and that he draws 
inferences therefrom more correctly. 

We see, therefore, that the value of our deductions depends 
on the value of our premises entirely and, in our first-hand con- 
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tact with nature, the soundness of our premises depends on our 
ability to observe correctly and on our power of induction or of 
drawing correct inierences therefrom. Therefore in our rela- 
tions in life deduction depends on induction, 

Under certain conditions this power of observation and in- 
duction becomes absolutely necessary for the preservation of 
life, and the individual that does not possess it in average de- 
gree is soon wiped out of existence. The Indian who roamed our 
mountain slopes must have possessed these characteristics in 
order to gain a livelihood by his hunting and fishing. The pioneer 
who crossed the plains and came into contact with this Indian 
must possess, or must develop, these same qualities in order to 
preserve his life and property. But as civilization displaces 
barbarism and a community comes under the reign of law, this 
training in observation and in inferential reasoning is forced 
upon the individual in smaller degree and his powers decline. 
President Eliot it is, 1 believe, who tells of the manner in which 
men have come to Harvard University. The grandfather jour- 
neyed on horseback for two weeks by bridle paths through the 
woods to Cambridge, the father made a three-days’ trip in a 
stage-coach, while the son rode for a few hours in a parlor car. 
With the discerning wisdom of a high priest of American educa- 
tion, President Eliot remarks that the grandfather and even 
the father had had a training when they reached Cambridge 
which made them better fitted to continue their education with 
profit to themselves than did the boy. 

Realizing the value of this training and its entire absence from 
the older educational systems, science was included in the new 
curriculum. That it furnishes the youth with many facts of use- 
ful information, broadens his outlook and brings him in touch 
with one of the great forces of modern thought and civilization, 
this branch of education shares with many another subject. That 
it should inculcate in him the scientific spirit, the desire to know 
the truth without regard to previous beliefs held by him or by 
others, and that it should acquaint him with the scientific method 
of attacking any problem, namely: First, careful observation of 
the facts; second, drawing of inferences therefrom as to cause 
and effect or other relation; third, formulation of some plan or 
hypothesis; fourth, testing the plan or hypothesis by means of 
well-directed experiments and the modification of the scheme, 
if necessary, in the light of any new information regarding facts 
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or relations until a satisfactory solution is worked out—these 
things science shares with no other subject in our educational 
scheme. The scientific attitude of mind and elementary knowl- 
edge of the scientific method, a training in critical observation 
and in inferential reasoning—-these things must be given by our 
scientific instruction if our youths are to feceive it elsewhere 
than in the “university of hard knocks” when possibly it may be 
gained too late in years to do aught but sadden and sour and 
blight the life which it should have broadened and brightened. 

And in order that this training should be gained by first-hand 
contact with things, our fathers advocated the laboratory method 
—that each student should be so taught to see with his own eyes 
and to feel with his own hands within the narrow boundaries of 
the school laboratory that when he emerges into the greater 
laboratory of nature, he may see more fully and clearly. Hence 
we have our laboratories in every school building, better labora- 
tories to-day on our plains and in our mountain villages, often 
among the pines and sage-brush, than Bunsen and Liebig and 
Berzelius ever worked in. 

This was the ideal of the past generation in framing our edu- 
cational scheme. Surely a well-directed effort to meet a marked 
deficiency in the training of the youth of that period! Thanks 
to their efforts, science is taught everywhere, in university, sec- 
ondary and even primary schools, a recognized factor in any 
complete liberal education. 

So much in anticipation; what of the realization? Has the 
general introduction of science accomplished, we will not say all, 
but rather much, of that which was expected of it? 

The youth of the present generation is familiar with a large 
number of scientific facts which his parents did not know. He 
is more or less aware of the part played by scientific thought and 
activity in the world of to-day. To this we may doubtless at- 
tribute the phenomenal advance made in the last quarter. century 
in discovering and exploiting the vast natural resources of the 
country, a source from which treasure has been derived sufficient 
to pay for the increased cost of education a thousand times over. 
The man of to-day has imbibed something of the scientific mental 
attitude and is less fearful of facts than the past generation. He 
is asking for evidence that will appeal to reason and common 
sense and on this account ologies and isms that once had strong 
hold on. men’s thought are iosing their influence in a marked 
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way. In his appreciation and use of the scientific method, how- 
ever, | fear the man of to-day is not ali that can be desired. He 
does not observe as fully and clearly as he might and his infer- 
ences drawn from his observations are not always such as to lead 
one to place great confidence in inductive method. In short, 
our scientific instruction shows indication of failing in just that 
point on which we are depending on it most completely. 

In seeking reasons for this, at least partial, failure may we ask 
first, were the proponents of scientific training wrong in their 
theory? The answer can hardly be a categorical “Yes” or “No,” 
and the question is worth some consideration. 

The belief once held—that a mind trained in one direction 
is trained in all—we know to be false. A fine classical scholar 
does not because of his trairing necessarily observe and reason 
any better—or any poorer. One would hardly maintain, how- 
ever, that an individual familiar with Latin and Greek would not 
learn French or German more readily, or that a trained linguist 
would not be better fitted for the study of history, sociology, or 
any kindred subject. That a person trained in any one science 
should and does observe more fully and completely in all fields 
was the position of enthusiasts a decade or two ago. To the 
writer, however, it would seem absurd to maintain that a trained 
chemist, one who is a skilled observer in his own field when his 
energy and attention are directing his action, should on this ac- 
count be able to tell the number of steps in the stairs of his own 
home or to describe accurately the character of the buildings 
along his accustomed walk. Upon evidence of a similar nature, 
however, some are proclaiming scientific instruction a failure. It 
must be remembered that ability to direct attention and concen- 
trate effort along narrow lines is one of the aims of scientific 
instruction and, just in proportion as an individual is well trained, 
it is to be expected that he will be oblivious to surroundings which 
do not concern the problem in hand. Absent-mindedness does 
not mean the absence of mind but rather the inability of non- 
essential things to gain entrance into a well-trained mind. 

Psychologists tell us that they can discover no “power of ob- 
servation” to be trained. If educators in the past believed in a 
“power of observation” as different from the power of the mind 
to observe, they were wrong. There seems to be no way of 
training a man so that he shall see everything; neither would 
such training be desirable. Yet when opponents of so-called 
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“formal education” maintain that the value of training in any 
science is limited to the subject directly concerned, they are 
making assertions which cannot be supported by evidence. More- 
over, they are contradicting the well-nigh universal experience 
of scientific investigators who find that a person well trained in 
any science makes more rapid advance in another field and is 
generally better fitted for his work than the novice. The 
foundation stones are the same in all natural philosophy. The 
scientific method is the same the world over. The ability to react 
on nature and get results in one branch of investigation is a very 
large asset to him who would enter another field. The training 
which teaches a man the proper approach to nature is of ad- 
vantage wherever man comes in contact with nature. But man 
is constantly coming in contact with nature, consequently needs 
the training which only science can give. With a half century 
more of experience, let us hope with a clearer and wider view, 
we ask of science to-day essentially the same things which 
prompted its inclusion in the scheme of general education. 

Turning from the theoretical to the practical side of the propo- 
sition, there is no difficulty in pointing out reasons why scien- 
tific instruction is failing to realize the hoped-for results. Over- 
crowded laboratories may bring one into “close personal contact 
with his fellow students,” but can we expect to train the mind 
in careful and discriminating observation and in justifiable in- 
duction when three students are packed into the space intended 
for two? ‘Tis true, schools are well provided with laboratories, 
but are they teaching by the laboratory method when half a hun- 
dred students are assigned to a single instructor? Does the 
laboratory method mean that students are to be assigned certain 
tasks in manipulation which are to be performed by them without 
adequate supervision or guidance? Or does it mean that a 
student is to receive personal instruction from one whom ex- 
perience has made expert in some particular line? At the Har- 
vard Medical School three hundred students receive attention 
from one hundred and forty instructors; at another institution 
one hundred students have been thrown into the laboratory with 
a single instructor. Can we wonder at the failure of this so- 
called laboratory method? Moreover, in many of our high 
schools the teacher is required to handle four or more subjects, 
sometimes scarcely related. To the school authorities we must 
look for redress along these lines. 
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To the teachers we must look for remedies for other defects. 
The charge is sometimes made that secondary teachers do not 
know the subject matter they are handling. While admitting 
that none of us know as much as we should like to know, the 
writer is convinced that the average high school teacher does 
know the material he or she is handling. In the subject in which 
I am particularly interested, chemistry, I find that teachers know 
a great many facts, principles and theories, often more than is 
necessary for an adequate presentation of the subject. If any 
suggestion in this line were to be offered, it would be that often 
the teacher is not familiar enough with the realm of chemistry to 
get correct ideas of relative values and perspective. They know 
the field often from one point of view only, see things from only 
one side and fail to recognize bearings and relations other than 
those especially emphasized by their course of training or their 
text-book. The Bernese peasant who has never been outside 
of his own canton can never become a licensed guide for the 
Alpine regions. Though he may see from the door of his own 
hut every peak in Switzerland, and know infallibly everything 
of the country within his ken, before he is intrusted with the 
guidance of others even in his own locality he must have scaled 
each peak from many different sides and know the country from 
many points of view. As teachers we speak familiarly of the law 
of mass action and tell our students that the conception of equil- 
ibrium underlies every chemical reaction. How many of us are 
actually familiar enough with the field to recognize an illustration 
of these principles in all the reactions which our students per- 
form? 

Then, too, do we as teachers all have a definite aim and purpose 
in our teaching other than to earn the stipend allotted to us or 
to put the student through So-and-So’s chemistry or physics? 
Do we realize the relation of the particular part in which we are 
engaged to the whole scheme of education? In short, are we 
engaged in the work of education or are we merely teaching 
chemistry or physics? If we are to judge by the text-books in 
common use, we must infer that many teachers of chemistry are 
either ignorant of what is expected of their particular branch or 
else that they ignore these demands entirely. It is undoubtedly 
true that a good teacher is independent of a text, but why handi- 
cap one’s effort by deliberately choosing a poor book when such 
good texts are on the market? Do we have any definite standard 
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in judging a text-book? In the absence of a better, may we not 
ask an author to justify his work in the following points before 
we place it in the hands of our students? 


Criteria for Judging a Text-Book. 


1.—Material: Is is appropriate and adequate for the purpose? 
Does the text bring out the chemistry of common life, of the 
industries and of naturally-occurring substances in their proper 
relation to the more conventional facts and principles? Is the 
text encyclopedic or a collection of sketchy outlines and tabula 
tions ? 

2.—Arrangements. Is it merely a sequence or is it a logical 
arrangement, fact following fact in a natural order without 
forcing or stiffness ? 

3-—Style. (a) Is the text scientific in spirit or are its 
statements inexact because in too great a degree accuracy has 
been sacrificed to simplicity or disregarded for other reason? Is 
the treatment modern and in accord with the best scientific ideas 
or is the text unquestionably antiquated in conception even though 
the date of imprint be very recent? 

(b) Judged from a literary point of view, is the text easy 
and pleasant reading, or is the style monotonous and labored, re 
quiring great concentration or inducing sleep? 

4—Pedagogy. Does the development of the subject follow 
the natural method by which the mind acquires its knowledge, 
proceeding from the known to the unknown, from the simple to 
the more difficult, from the concrete to the abstract, and from 
the special to the general? Is the plan mainly inductive or de- 
ductive? Is the emphasis correctly placed, fact and principal 
being brought out into their proper relative importance? Is the 
material presented with such simplicity, clarity and force that the 
facts “stick,” or does the material seem illusive and quickly for- 
gotten? 

5.—Effect on the student. Is the book stimulating and inspir- 
ing, or dull and deadening? Is the student encouraged to con- 
tinue his scientific education or does he hope that this field of 
knowledge may henceforth be a closed chapter in his educa- 
tional experiences? Does it tend to develop independent thought 
on the part of the student and lead him to differentiate clearly 
between fact and fancy? 

These criteria for judging a text-book are not put forward 
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with the idea that they furnish the best or the only standard, but 
rather in the hope that these suggestions may aid individual 
teachers to select for themselves and to discriminate between 
good and bad texts, both of which kinds are to be found in 
plenty on the market. If a competent judge were to examine all 
the text-books in elementary chemistry according to this or any 
other adequate standard and select the best half dozen, it may 
be confidently asserted that such selection would not agree ex- 
actly with the six texts said to be most commonly used in the 
high schools of the country. 

In conclusion the writer would express his conviction that the 
present generation has not proved the aims of the past generation 
to be impossible of accomplishment on theoretical grounds nor 
has it shown them to be impracticable. The same things are to 
be expected of scientific training to-day which led to its inclusion 
in the scheme of general education some decades ago, namely, 
that the student shall be given a personal introduction to nature 
and shall be taught to seek his information from her as well as 
from other sources; that he shall be trained in close and dis- 
criminating observation and in inferential reasoning. Call this 
by what name you will—the extensive, intensive, new-fashioned 
or old-fashioned method—it is still the best that science has to 
contribute to the general education of the youth. The inherent 
difficulty of training in this manner together with several prac- 
tical obstacles have often hindered or prevented the full realiza- 
tion of the desired ends. On this account, however, we must not 
delude ourselves with the belief that the gleaning of a stray fact 
here and there as the mind may chance to fasten upon it is the end 
to be sought in the teaching of chemistry. A knowledge that 
Queen Marie Antoinette maintained a dairy of her own or of 
many similar facts would not entitle one to be considered truly 
learned in French history. The gleaner method in education is 
often pleasurable and never laborious. It is likely to appeal 
strongly to the teacher who seeks to avoid the hard work and 
patient self-sacrifice required for success according to the other 
method. Hence the herald of such a movement may find an 
enthusiastic following, but he will leave no lasting impression on 


the history of education. 
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WHAT MATHEMATICAL EQUIPMENT SHOULD A HIGH 
SCHOOL GRADUATE HAVE? 


By Fiske ALLEN, 
Manual Training High School, Indianapolis, Ind. 


Not long since, in passing a certain corner, I brushed against 
two old men whose sound sense was more in evidence than their 
skill in English; for, as I passed, one was saying to the other, 
“If things wuzent just as they is’—‘“But,” interrupted the other, 
“The facts is, they be.” In discussing the question, “What 
Mathematical Equipment Should a High School Graduate 
Have?” I wish to consider it from the standpoint, “If things 
wuzent just as they is,” and then consider that “the facts is, they 
be.” 

There is, more or less clearly defined in all our minds an out- 
line of the mathematical equipment the high school teacher is 
trying to give the high school pupil in algebra and geometry. 
It may be briefly stated as follows: In algebra (1) a clear idea 
of general number and the laws of the fundamental operations ; 
(2) drill with a large number of particular problems so that he 
may acquire skill in discovering the general law in the particular 
problem ; (3) skill in handling the equation as a means of discov- 
ering the particular numbers satisfying certain conditions; (4) 
the habit of accuracy in all his mathematical thinking. In geom- 
etry we aim at (1) an appreciation of the rigorous logic of the 
subject ; (2) a knowledge of the truths of elementary geometry. 
In general equipment we are trying to give him (1) a working 
knowledge of mathematical proof; (2) an appreciation of the 
beauty of mathematical reasoning; (3) an enthusiasm for intel- 
lectual conquest aroused by the subject. 

Having stated thus briefly the things some of the less ambitious 
of us aim to teach our pupils, may we turn to things “as they be,” 
and question, Does the average high school graduate have any 
complete idea of general number, or is a, deep down in the remote 
convolution, a letter, and 3 a number? Try him. He will add 
34 and 5.x glibly because 3+’s and 5.+’s are 8x’s, but ask him to 
add ax and ay and if he doesn’t tell you it can’t be.done, he will 
tell you it is ax+ay and then perhaps talk about removing the 


*Read before the Mathematics section of the Indiana State Teachers’ Association. 
Dec. 27, 1906. 
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monominal factor a. And this is hardly to be wondered at, when 
most of our authors of algebra texts define like terms by telling 
how they are different. 

The average graduate does know how to solve particular 
problems involving the fundamental operations with reasonable 
accuracy, if caught soon enough after finishing his high school 
mathematics. But in most high schools no mathematics is re- 
quired during the fourth year, and the mechanical knowledge of 
mathematics rusts before it is put to serious use in college or life. 
In my opinion, a considerable minority of our graduates possess 
nearly the modest equipment in algebra which we try to give 
them. The majority have learned algebra as a mass of facts and 
rules more or less closely related, and so frequently less as to 
create that disgust for the subject which we would feel toward a 
study of the dictionary. 

In geometry the results are better, for the logic of the subject 
is so rigorous that both teacher and pupil must realize when the 
pupil is mastering it. On this account the enthusiasm for the 
subject on the part of some pupils and the disgust on the part of 
others is most marked. In general the high school graduate whc 
has not been given his credit through the sympathy of his teacher, 
has a fair grasp of the method of geometrical reasoning and some 
knowledge of the facts of elementary geometry. 

In general equipment then, our graduates have a working 
knowledge of the methods of mathematical proof used in geome- 
try. In algebra he is not so fortunate, for very few schools at- 
tempt to prove the laws of the algebraic operations, and few 
pupils even see the applications of those laws in the particular 
problems taught. It is to me an interesting fact that more pupils 
heartily dislike geometry than algebra, though more really master 
geometry than algebra. <A pupil enjoys intellectual conquest. 
The operations of algebra can be learned and performed cor- 
rectly without complete knowledge of the reasons, so the pupil 
can deceive himself into thinking that he knows algebra and enjoy 
a sense of victory. In geometry no such deceit is possible. The 
pupil either masters the logic of the subject and enjoys it, or fails 
to master it, attempts to commit proofs, is not permitted to do so, 
and becomes disgusted. 

If, then, the high school teacher of mathematics ‘can give his 
pupils a knowledge of the operations and truths of elementary 
algebra and geometry, a grasp of the methods of reasoning by 
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which these truths are reached, and skill in applying them, he 
has done his full duty toward giving an equipment of mathemat- 
ical knowledge. If, in addition to these, he has created in them 
an enthusiasm for mathematical conquest, an appreciation of the 
beauty of mathematical proofs, he has given a complete equipment 
in high school mathematics. I do not believe it is in his province 
to connect their high school mathematics with physics or the col- 
lege mathematics. There seems to be too much of a tendency to 
pull the higher work down to the level of the pupil instead of 
training them in the lower till they are ready for the higher. The 
grammar school teacher is attempting high school algebra and 
must necessarily make arithmetic of it. We have heard it sug- 
gested that the elements of analytical geometry and calculus can 
be introduced into high school algebra. This seems to me a 
mistake. We should teach our pupils to solve a quadratic equa- 
tion, but if it is buried in sines, cosines, and infinitesimals, it 
should be the duty of the college teacher to show the connection 
between his past knowledge and the new fact. 

In conclusion I would say that the high school fails to give the 
mathematical equipment it aims at for the same reason that the 
grammar school and the college fail—the immaturity of the pupil. 
He is forced to attempt the difficult reasoning of arithmetical 
analysis when he should be remembering the multiplication table 
and Latin conjugations. We attempt to thrust upon him ideas 
of general number and its laws when he is just about ready to 
enjoy arithmetic. And the college teacher, who, in the nature 
of the case, cannot continue our mistake, must do again for those 
whose disgust for the work has not driven them from the subject, 
the work we could as well have done if we had had the pup‘! at 
the age at which he reaches them. 
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ON THE USE AND ABUSE OF TEXT-BOOKS.* 


By D. N. LEHMER, 
Assistant Professor ‘of Mathematics, University of California. 


I have long speculated on the cause of the discontinuity that 
seems-to appear in the work of the student coming from the high 
school to the university. I cannot see any essential difference in 
the character of the work that is done or should be done in the 
two schools. After making every allowance for the fact that the 
student misses the constant supervision and the individual atten- 
tion that he may have enjoyed in the high school, one is puzzled 
to account for the difficulty that many of them experience in 
getting the swing of the work in the university. 

At the end of say two months of the fall term, I usually have 
a number of students come to me with this story: “I don’t know 
how it is, but I don’t seem to be able to get the hang of the work 
here. I was the best in my class in the high school, and mathe- 
matics was always easy for me.” I have taken occasion to find 
out the methods of work in use in the school where these indi- 
viduals were the bright, particular stars. I have found usually 
that such students have done a great amount of work of a certain 
sort. They have covered so many chapters of such and such 
an algebra, working all the examples. They have covered so 
many books of such and such a geometry, working all the “origi- 
nals.” But the whole has been served to them on a dead level. 
They have about as much of an idea of the mathematical land- 
scape as the mole that has spent the summer trying to spoil my 
lawn. The important things to them, if there are any, are those 
things that “stumped” the class. They have been nosing about on 
the sides of the great mountain ranges of mathematics, and have 
not caught one glimpse of the glorious peaks. So far as mathe- 
matics is concerned, they might as well have spent their time 
working out the acrostics and word-squares on the puzzle page 
of the Youth's Companion. 

Some time ago I was asked by a young high school boy to help 
him with a problem in geometry. It was one that had floored 
the whole class, I believe, and the teacher tco, I hope. On looking 
the matter over it seemed to me that the most hopeful opening 





*Read before the Pacific Coast Association of Physics and Chemistry Teachers, July, 1907 
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was in using certain two triangles that were equal in area. The 
student objected that the class had not had areas of triangles. 
“Well,” I remarked, “let us try the properties of similar trian- 
gles.” Alas, he had never studied similar triangles! He would 
not even let me use circles! In desperation, I finally took a few 
minutes to furnish him with a few tools. He protested that it 
would be a labor of love, inasmuch as he would not be allowed 
to use any of them in class. The poor fellow’s idea of mathe- 
matics was that it was a kind of sack race, in which one tried to 
run with one’s legs tied ! 

It is a significant fact that the student that experiences the 
greatest difficulty in getting oriented in his college work is usu- 
ally the student that resents the introduction of anything in the 
course that is not treated in the text. He also objects to any 
change in the order of the book. He may even be shocked if the 
teacher does not have him take (as if it were a dose of medicine) 
every inch of the book in exactly the way the author does it. 

Equally significant is the frequency of the inquiries from teach- 
ers as to just how much of this or that book should be given; just 
how many weeks should be given to this or that subject ; teach- 
ers whose supreme worry seems to be that they may not “cover 
all the ground.” “Do you require this theorem, or that origi- 


nal ?” 


Taking everything into consideration, 1 am inclined to believe _ 


that there are teachers, even now, that divide the total number 
of theorems and problems by the total number of available days 
in the term, assigning exactly so much for each day; teachers 
whose greatest anxiety is to cover the ground, even if they have 
to cover the ground with the class; who wouid as soon think of 
going outside of the text-book for anything as a San Franciscan 
would think of going shopping to some little inland town; who 
are afraid to omit the smallest detail of the book, not so much for 
fear of violating logical order as because, on account of their 
limited outlook, they are unable to distinguish between this fussy 
little theorem and that fundamental principle. 

A text-book is like a patent medicine; it is constructed for the 
average class. The teacher should be like the family physician. 
The teacher that prescribes nothing outside the text-book is like 
the physician that prescribes nothing but proprietary medicines, 
or rather is like the quack that prescribes one medicine for all 
ills. The book is to him a creed. Everything in it is accepted 
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without question and everything outside is viewed with suspicion 
and impatience. To such a teacher it is rank heresy for a stu- 
dent to offer a proof of a theorem that differs in any particular 
from the one given or suggested in the book. The book is an 
iron bed upon which the short students are stretched out and 
the long ones cut off. The stretching is not so objectionable, of 
course, as the cutting off, but the whole thing is wretchedly bad 
management. 

A great deal of the blame for the results of this method of 
teaching is laid at the door of the text-book itself. A poor car- 
penter never has a sharp chisel, and a poor teacher never has a 
good text-book. There is no denying that there are a great 
number of books that are, to say the least, difficult to use; but the 
most admirably constructed book would never survive such treat- 
ment. There is a reasonable way and an unreasonable way of 
using a text-book. Used reasonably, the poorest book is robbed 
of half its terrors. 

A text-book, it seems to me, should be used merely as a store- 
house from which to select the material that you wish to come 
before the class. It is not necessary to use it all, or to use it in 
any prescribed order. Logical order, of course, should never 
be lost sight of, but it is not necessary to prove every theorem 
that is used. One very useful way to emphasize the importance 
of a particular theorem, or principle is to postpone the formal 
discussion of it till the class see for themselves how fundemental 
it is in the discussion of other matters. The formal proof of 
the “Theorem of Limits,” for example, I think, with the average 
class, I should postpone till the last few days of the term. It is 
not necessary to give any attention to many of the theorems usu- 
ally listed, and it may often be useful to introduce theorems and 
problems not in the book. The teacher, of course, is always on 
the lookout for evidence of interest in any special direction. If 
a boy gets excited over the “nine points circle,” let him report on 
that and get all be can out of it. Insist, however, that he play fair 
and use no tools that the rest of the class do not know about. 
If you cannot seem to arouse interest in a certain thing, just let 
it lie awhile. Sooner or later, they will encounter it in their 
work; then is the time to demand an account of it. 

I have said that the teacher that slavishly follows the text-book 
finds it almost impossible to give a proper perspective to the 
subject. Thus the “method of limits,” referred to above, is often 























15 SCHOOL SCIENCE AND MATHEMATICS 


laid snugly away between two harmless little theorems in circles. 
Is it surprising that the teacher himself, sometimes, does not 
recognize the fairy prince in this disguise? How many teachers 
ever have called the attention of the class to the far-reaching 
significance of such apparently trivial theorems as “Two lines 
determine a point, and two points determine a line,” or “Three 
points determine a plane, and three planes determine a point?” 

But, after all, with the exception of certain fundamental things 
that must appear in every course, the question of what is im- 
portant and what is unimportant cannot be settled in advance. 
What is of importance for one class is not of importance for an- 
other. I have assisted in the raising of a family of four babies, 
and have learned at least one thing from my experience: the food 
that will make one baby thrive will be the death of another. I 
should like very much to give a general formula that would ap- 
ply to all classes alike, but unfortunately there are too many 
variables. In a general way, what interests the class is im- 
portant; what stimulates their curiosity is important ; what even 
arouses their resentment is important. I remember one class 
that resisted every effort on my part until I got them thoroughly 
aroused by denying that the whole is always greater than any of 
its parts. Another class was moved to indignation and also to 
energy by my declaration that I could make them a model of a 
surface with only one side. One teacher—one of the best I have 
ever known—who guided my ardent footsteps through the mys- 
teries of elementary geometry, used frequently to find exercises 
that he could not work. I remember very distinctly how I used 
to fall a victim to this pious fraud, and work myself overtime in 
a benevolent effort to clear up his difficulties for him. 

It may be objected that the method of using a text-book which 
I have outlined above requires that the teacher be able to write 
a text-book himself. I freely grant the difficulty, and insist that 
the day has gone by when a person should be permitted to teach 
elementary mathematics who has not had a thorough training in 
more advanced work. A teacher recently remarked, “Oh, mathe- 
matics is so easy to teach! It takes only a little common 
sense!” Common sense is no doubt a valuable asset, but I should 
mix it liberally with some other things. I do not believe a 
teacher can teach geometry who has not had the calculus, and 
he is all the better equipped if he knows projective geometry, 
both analytic and synthetic. He may never have to teach these 
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things to his classes, but he is a hundred times better able to 
judge what is of importance, and what is a waste of time and 
energy. 

Allow me to speak a word in conclusion, not from the stand- 
point of the university man, but from the point of view of the 
man who is sending his boy to the high school, and who, as is 
usually the case, does not expect to send him to the university. 
Something is certainly due him in our deliberations, though we 
too often ignore his existence. Does he want his boy ground 
through exactly so many theorems and problems, with never a 
glimpse of what lies beyond? Is it fair to him, is it fair to the 
subject, to put such tools into his hand and give him so narrow 
and circumscribed a field to work in? If high school teachers 
improved their opportunities, it seems to me, their graduates 
could not be prevented from pushing the subject further, either 
at home or at the university. Your students may be able to work 
every problem in the book and pass with an amazing average in 
all their examinations, but if none of them have any curiosity as 
to what may lie outside of the book your work as a teacher of 
mathematics is a failure, and the sooner you sharpen up your 
tools the better. If, on the other hand, a student should come to 
you, along toward the end of the course, and ask you if the 
square root of a negative quantity is the same sort of an imag- 
inary as the logarithm of a negative quantity, thank God and take 
courage! You are not dead yet, and that student is not far from 
the Kingdom! 





THE DIFFERENCE OF THE DENSITIES OF TWO GASES. 
By F. W. Jorven, 
Canterbury, England, in School World. 


The method of balancing columns in a U-tube for comparing 
the densities of two liquids can be applied to the determination 
of the difference of the densities of two gases. The following 
description of an apparatus is suitable for finding whether the 
density of a gas is greater or less than that of air. 

A tube, A, of a length as great as the height of the room will 
admit, is bent at right angles at a distance of a few centimetres 
from each end, and is supported in a vertical position. The 
lower extremity of the tube A is connected up with a three-way 
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tap, S, in such a way that the tube A can be put into communica- 
tion with either the supply of gas or the sensitive manometer, M. 
The manometer, M, consists of a tube, with a bore of about 3 
millimetres, bent at the center and supported with the two limbs 
equally inclined at a small angle to the horizontal. The tube of 
the manometer is thoroughly cleaned, and a quantity of colored 
water is introduced so as to give a thread of liquid about 12 cm. 
long. The tube A is put into communication with the mano- 
meter, and the position of the thread of liquid is marked by an 
index. The tube A is filled with the gas and connected to the 
manometer. The thread of liquid will move to the right or left 
according as the gas is heavier or lighter than air. If the ver- 
tical tube A be 4 metres long, and each limb of the water mano- 
meter has a slope of 1 in 20, then introduction of hydrogen gas 


(——— 
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to replace the air in the tube A will cause the thread of liquid 
to move through a distance of about 5cm. 

The difference of the densities is hd grams per cc., where h 
cm. is the vertical distance between the menisci of the liquid in 
the manometer, d grams per cc. is the density of the liquid, / 
em. is the effective vertical height of the column of gas in tube A. 





AN OUTLINE FOR ALGEBRA AND GEOMETRY. 


The following outline was prepared for the Nebraska High 
School Manual by a committee consisting of Professor E. L. 
Rouse, Nebraska State Normal School, Peru, J. F. Wooley, 
Omaha High School, and Professor E. W. Davis, University of 
Nebraska: 

The committee believe thoroughly in the close correlation of 
geometry and algebra; at the same time they recognize practical 
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difficulties in the way of teaching them simultaneously and sug- 
gest the following plan of alternation by semesters. By a se- 
mester’s work we understand forty-five minute recitations, five 
times a week for eighteen weeks. We begin with geometry 
because that is the side from which mathematical conceptions 
are most concrete and most easily grasped and therefore the 
side from which mathematical reasoning can be most easily 
begun. If in the grammar grades the student has been taught 
to draw geometric figures either freehand as some prefer, or 
with ruler and compass, it will be a great help when the stu- 
dent comes to study geometry more seriously. Besides, it fur- 
nishes some few geometric notions to those who may never 
enter the high school. 

First SEMESTER.—Plane geometry. Books I and II. This 
would cover propositions concerning straight lines, angles, tri- 
angles, quadrilaterals, circles, chords, secants, tangents, inscribed 
angles, variables, limits, commensurable and incommensurable 
quantities. There should be insistence all the time on_clear con- 
ceptions and accurate statements. It is possible, even in this 
first semester and without covering more than half the ground 
above outlined, perhaps better so, to initiate a class into the 
spirit of geometry, to get them to where they insist on seeing 
things for themselves, on really seeing them. The next step is 
a right and wholesome pride in showing these things to others 
and getting them also to have clear conceptions. To this end 
the students should be put upon exercises from the very start. 
Mere book work can almost always be profitably sacrificed for 
such more inspiring work. Especially valuable is the impromptu 
yet careful questioning of a live teacher; such questioning as 
no book, howsoever heuristic, can possibly furnish. This sort 
of teacher will also be constantly devising timely and appro- 
priate problems fo force the student to surmount, even as they 
occur, the various difficulties of conception and interpretation. 
In the more difficult book problems a carefully prepared syllabus 
open before the student is often a valuable aid and quite legiti- 
mate. But the great helps are time, patience, and determina- 
tion. A-.student once having tackled a problem should keep 
coming back to it until finally—it may be next week, next month, 
next year—yet finally, though spurning even the slightest hint 
from another, he clearly sees his way to a solution. 

The conception of variation is best brought out by loci prob- 
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lems of which there should be an abundance, especially of the 
simpler sort. Next semester, algebra will help. 

The conception of incommensurability is rarely grasped by 
the student. As there are many opportunities to return to the 
matter both in geometry and algebra, it is not best to devote 
too much time to the first attack. It suffices that the student 
see a difficulty there for himself, if possible, to remove later. 

Seconp SeMester.—Algebra. Exercises in passing from 
ordinary to algebraic language and vice versa. LEquations of 
the first degree in one unknown with accompanying problems. 
Use of formulas as working rules in computation. The “four 
rules” for integral expressions. Factorizing including that of 
the general quadratic expression. The exercises in translating 
ordinary language into mathematical and mathematical into or- 
dinary should be kept up all the time; moreover, they should be 
performed with zealous regard to precision of statement in both 
languages. The equality symbol, than whicli none is more 
loosely used by the average student, should be religiously con- 
secrated to the meaning “is the same member as.” 

The preceding semester’s work in geometry will furnish 
abundant material for interesting problems serving at once to 
show the power of algebra and to keep geometry from being 
forgotten. 

Tuirp SEMESTER.—Plane geometry completed, Books III, IV. 
and V. The theory of proportion and similarity, areas of poly- 
gons and the transformation of polygons into equivalent tri- 
angles, rectangles and squares. The circle as a regular polygon, 
its circumference and area. 

About two or three hundred exercises and constructions 
should be performed, among which should be a number of cal- 
culations of the distances and heights of inaccessible objects 
by means of similar triangles. The teacher with wit will devise 
many other exercises in graphic arithmetic. The student’s al- 
gebra should be brought into play daily in the solution of nu 
merical exercises. 

FourtH Semester.—Algebra. The “four rules” for frac- 
tions. The properties of fractions and their equalities usually 
given under the name of “ratio and proportion.”” Plotting of 
equations of the first degree in two unknowns. The solution of 
simultaneous systems of the first degree. Involution and Pas- 
cal’s triangle. The square-root process, and, if time permits, 
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the cube-root process. Both in these processes and in the preced- 
ing theory of ratio and proportion the student’s geometry will 
furnish illustrations and applications. 

Firth SeMeEster.—Solid geometry, Books VI, VII, VIII. 
Many students have difficulty in understanding outline draw- 
ings of space configurations ; especially is this true of the draw- 
ings in Book VI. The best help here is actual outline drawings 
by the students of models they themselves have made. Let this 
be accompanied by observation of the geometric, that is, the 
simple form phenomena of the surrounding world, their con- 
crete surfaces and directions, their angles both plane and poly- 
hedral, their distances, shadows, and perspective views. The 
theorems in mensuration from Books VII and VIII furnish a 
fine opportunity for algebra. For example, let the student 
derive a formula expressing the volume of a sphere in terms of 
its surface alone. The geometry of the sphere should be studied 
with the help of a good globe, a spherical blackboard, and with 
observation by day and night of the blue sphere in which we 
live. A good celestial globe may be added to this equipment. 
On any globe a stretched string quickly and accurately gives 
a great circle. 

S1xtH SeMester.—Algebra. The meaning of exponents, 
positive, negative, integral, fractional, and incommensurable, 
with plenty of simple numerical illustrations of the meaning as | 
well as of the laws that govern algebraic operations upon quan- 
tities affected by exponents. The transition from exponents to 
logarithms with numerical exercises in which the quantities in- 
volved whether as base, logarithm, or anti-logarithm are either 
integers or rational fractions. Plotting of the logarithmic or 
compound interest curve. The use of a good four-place table. 
Practice once a week throughout the semester in logarithmic 
computation. The theory of radicals and equations involving 
them. Solution of the quadratic as a case of factoring with 
problems in one unknown, leading to quadratics. Plotting of 
easy quadratic equations in two unknowns. The solution of 
the system, a quadratic and a linear equation. Solution of simul- 
taneous quadratics and problems leading to them. When the 
equations are not too complicated they should be plotted. Geo- 
metric ideas can be brought to mind by problems in mensuration 
involving quadratics. Problems bearing on physical science will 
interest. If time permits, the use of the slide rule can be taught. 
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A THEOREM OF SOLID GEOMETRY. 


Witiiam E. PATren, 


Binghamton, N. Y. 


In the February, 1907, ScHooL SCIENCE AND MATHEMATICS 
G. W. Greenwood mentions that text-books on solid geometry 
assume it possible to draw a common perpendicular to two inter- 
secting lines. I agree with him that this is far from self-evi- 
dent. It may, however, be proved by the use of only plane 
geometry and the fundamental facts concerning the determina- 
tion of planes. One method of developing the theory of per- 
pendiculars in space follows. 

Theorem I. Two intersecting straight lines have a common 


perpendicular. 
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Let AB and CD be straight lines intersecting at O. Let M 
be their plane. Then a straight line may be drawn through O 
and perpendicular to both AB and CD. 

Case I. (1) When AB and CD are perpendicular to each 
other [Fig. 1]. 

Take any point not in the plane M. Pass a plane N through 
this point and one of the given lines, say CD. At O, and in N, 
draw OE perpendicular to CD. At O, and in the plane BOE, 
draw OF perpendicular to AB. Then OF is also perpendicular 
to CD. 

Proof: If OF and OE coincide, then OF is perpendicular to 
CD. [For OE is.] 
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But if OE and OF do not coincide, take any point F in OF, 
and on the same side of the plane M take any point E (in OE) 
lying between O and E’, where E’ is the intersection of OE and 
the parallel to AB, through F. 

[This parallel intersects OE, because OF, OE, and AB are 
coplanar. } 

Draw FE, and extend it until it cuts AB at H. H will be on 
the same side of the plane FOD as E is. 

On CD take OC==OD. Draw CF, CE, CH, DF, DE, DH. 
Then ACEH==4 DEH, [CE= =DE, CH==DH, EH=EH. ] 


. <CEH: =< DEH. 
.<CEF==< DEF. [Plane Geometry, because FEH is a 


straight. ] 

.’. \CEF= ‘(F, [CE==DE, FE=FE. ] 

..CF=DF. But CO==DO. [By const. ] 

*. OF is perpendicular to CD. [Plane Geometry. ] 

Case II. When AB and CD are oblique to each other. 

In M through O draw ST perpendicular to AB. At O draw 
OF perpendicular to AB and to ST. [By (1).] Then OF is 
also perpendicular to CD. 

Proof: (Similar to that for Theorem II below). 

TueoreM II. Jf a straight line be perpendicular to each of 
two intersecting straight lines it will be perpendicular to every 
other straight line in their plane and through their point of in- 
tersection. 

Proof: (The one usually given in text-books). 

Cor. It is possible to have a straight line so situated with 
regard toa plane that it is perpendicular to every straight line 
in the plane and passing through the join of straight line and 
plane. [Th. I.] 

Der. If a straight line is perpendicular to each of two inter- 
secting straight lines it is said to be perpendicular to their plane. 

Cor. A perpendicular to a plane is perpendicular to every 
straight line of the plane and through the join of plane and per- 
pendicular. 

The statement of some of the above would of course be sim- 
plified by defining “foot.” 

Synthetic Solid Geometry, by N. F. Dupuis (Macmillan) con- 
tains a proof of Theorem I, and defines perpendicular as in this 
article. But in the proof the author uses the idea of continuity, 
which is not used in the proof here given. 
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HOW TO MAKE PHYSICS MORE INSPIRING TO PUPILS. 


By Racpn S. MInor, 
Berkeley, Cal. 


Just exactly what do we mean by this subject? Is there some- 
thing, are there perhaps, many things essential to the subject 
which unfit it for a place in High School work? Are we assem- 
bled to some sort of a memorial service for a lost and unloved 
cause? Do we come together at one time to “simplify” Physics 
and again to-day to made it “interesting?” Let us note a dis- 
tinction which will enable us to think more clearly on the subject. 

After enumerating the changes in the second edition of his 
text-book of Physics Professor Crew says, “The purpose of these 
changes has been to ‘simplify’ the treatment. The subject can- 
not be simplified.” And truly how can a subject be simplified 
which must give account of the infinitely varied phenomena of 
nature, from the motions and composition of the furthest star 
in space to the genealogy of the illustrious radio-active descend- 
ants of the chemical atom? And, conversely, how can we make 
a subject interesting which is so already, and increasingly so as 
each new fact throws clearer light on the workings of nature’s 
forces? For man is born with desire for knowledge of the 
world about him. And not for knowledge merely, but to estab- 
lish the relation between cause and effect in the phenomena of 
nature, to grasp not only the “hows” but the “whys” of the 
physical world, this has been and still is his desire. 

The field then is ours, with all its opportunity. There is still 
need for the work we are doing. Let this meeting be our fall 
campaign and not a funeral. We simplify our treatment of the 
subject when we select the less complex problems for discussion 
and endeavor to present them in a logical manner. How can we 
fashion our courses this coming year so that the student may find 
in them, in larger measure than ever before the interest, the 
inspiration, which are the birthright of Physics? 

The High Schools have suffered much from the over-lordship 
of the Universities and Colleges, and yet I trust my words will 
ring true to both when I say that there is one essential factor 
in any successful course, which far outweighs all others in im- 
portance. Without this, laboratory and all material equipment 
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is but so much cork and sealing wax and glassware and par- 
affined blocks and iron. This one essential for an interesting and 
inspiring course in Physics is an enthusiastic teacher inspired by 
a knowledge of the subject. 

It is knowledge which gives power. And if the teacher speak 
from personal intimate experience with the phenomena at first 
hand or has devised means for presenting them in a clearer light, 
then is the interest aroused all the greater. 

The text-book is not an Aladdin’s lamp which furnishes the 
required inspiration when you rub it, in the classroom. No 
teacher is thoroughly competent to hold a recitation who could 
not conduct it without a book. If you have not tried it, do so, 
if you have you will agree that it gives more time, as well as 
both eyes, for attention to the students, it inspires confidence and 
respect, it insures attention. From the student’s point of view it 
is the only fair way, it is a final and sufficient answer to the look 
which says, “I could answer that question myself if I held the 
book.” Let me urge you to try this plan if you do not already 
follow it. Try it until your classroom use of the book is not for 
the information which it contains. Then go back if you like. I 
doubt if many return. The freedom you will have gained will 
be inspiring. 

Knowledge of the immediate subject matter in the student's 
assignment should be amplified by a study of the topic as pre- 
sented in other text-books, especially those to which the student 
has access. Seek to acquire variety of method in presenting each 
topic. One explanation may not reach all students. Collect a 
fund of commonplace illustrations so that the student, each stu- 
dent, may see the new fact amid familiar surroundings. In 
giving out problems for the first time on any topic, select such 
data that the numerical work requires no special effort, leaving 
the attention free to concentrate on the real problem at hand. 
Bring in historical and human interest by reading the history of 
science and the biographies of its noted men, and draw upon this 
reading for anecdotes of famous men, actual facts concerning 
famous discoveries, reasons for the rapid development of the 
subject along particular lines. 

Make the laboratory an attractive place. Adorn the walls with 
pictures of famous men, of buildings where important discov- 
eries have been made. Collect a museum of articles, toys or 
models when the real article is not to be had, illustrating the 
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various principles taught. Ask the local dealers to contribute 
articles or loan them for a week or two. Put this collection at 
the disposal of students outside regular hours, not as an extra 
work for recitation purposes necessarily, but to give those inter- 
ested an opportunity to study to advantage applications of 
physical principles in which they are interested. 

So much for the teacher’s immediate usefulness in the class- 
room and laboratory. But I would have you take a broader view 
of your calling. You are the apostles of science in the com- 
munities to which you go and you do well when you consider 
your opportunities and duties to this wider circle. It means 
much for any High School in stimulating the student’s interest, 
as well as in material equipment, to have the community backing 
its efforts. And the science teacher can do much toward arous- 
ing a lively public interest in scientific affairs. Let me suggest 
that you follow some line of reading, and let this culminate each 
year in some sort of a public lecture. Would it not be better to 
treat the recent advances of science, X-rays, wireless telegraphy, 
electron theory, radio-activity, etc., in this way than to try and 
crowd so much material into the regular classroom work? 

While you are building up your school reference library for 
your students do not neglect your wider public and be ready with 
suggestions for the town library and see that science is well rep- 
resented there by the authors whose presentation appeals to such 
readers. 

Foucault’s pendulum experiment, showing the rotation of the 
earth might be repeated in public, the class taking the matter in 
charge. 

We cannot give to others what we do not possess ourselves 
and so let us seek first the inspiration which comes from a thor- 
ough knowledge of our subject, and then we may find ourselves 
coming each year nearer to the goal of our calling, to put our 
students and the community in which we live on familiar terms 
with the physical world about them. 
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SOME DIFFICULTIES IN THE STUDY OF BOTANY IN ONE 
OF THE SMALL HIGH SCHOOLS. 


By W. W. Baker, 
Blue Mound, /ll. 


Department Editor’s note: Many of the most difficult prob- 
lems associated with science teaching are found in those small 
high schools in which the entire curriculum is administered by 
one, two or sometimes three teachers. The following frank and 
interesting statement of existing conditions relative to botany 
in one of these schools is published in the form in which this 
teacher presents his difficulties. No doubt other teachers in 
similar schools, as well as those in larger schools, will wish to 
discuss some of the problems here presented. Such discussions, 
if brief, will be welcomed to the columns of this magazine. 

0. W. C. 

The subject must be completed in four months. Any honest 
teacher realizes from his own experience that a mature mind 
cannot, even fairly master this subject in so short a time, much 
less can it be done by pupils from thirteen to fifteen years of 
age. The teacher must either emphasize but a few points and 
leave much untouched or else take a surface view of the whole. 
If he omits part, some of his pupils may fail in the county 
teachers’ examination’ later. Patrons think high school pupils 
able to pass such examinations and blame the teacher for fail- 
ures. He does not approve of the skimming process. How 
much should he attempt to do? 

Again, his recitation period is limited to twenty-five minutes 
An extra period for laboratory work is hard to find. Most of 
such work must be done before the class rather than by indi- 
vidual pupils. It is hard to get correct views when one performs 
the experiment himseif, but it is much more so when another 
performs it. How may the best results be obtained? 

Each month the county teachers’ meeting asks for one of this 
teacher’s Saturdays and the meeting of the teachers of his own 
section takes another. He must meet his associate teachers 
weekly and the church and society demand some of his time. 
It is hard for him to gather material, prepare experiments and 
microscopical slides enough for the best progress of his class. 
If you have light upon any of these time phases, let it shine. 
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Teachers in general of small high schools may be delighted 
with the plan of alternation but my limited experience and ob- 
servation have not made me very enthusiastic in its support. In 
my school the plan of alternating subjects has thrown sixteen 
first year pupils, sixteen second year pupils, and one third year 
pupil together in botany. The difficulty is twofold. The class 
is too large and the difference in individual ability is too great. 
Either of these conditions would hinder class progress; com- 
bined they demand serious consideration. 

The apparatus for science study in the small high school is 
limited. This school has enough small microscopes for the class 
but their magnifying power is too low to be of much aid. It has 
a single large microscope with two objectives but it also is an 
inferior instrument and one objective must be removed in order 
to use the other. When you think of a class of thirty-three, 
getting plant structures first hand by occasional peeps through a 
single inferior microscope at slides hastily prepared by the 
teacher himself the impossibility of the task is easily seen. 

How much, then, can be done outside of the text? A small 
class in our state normal schools under the most favorable con- 
ditions consider a “field trip” a “lark,” and for a large class it 
is a “big lark.” What term would describe it with thirty-three 
high school pupils one-half of whom are just out of the eighth 
grade? Needless to say, “field trips” have not been attempted. 

Some of the things that appear to be difficulties in the path 
of one botany class have been frankly stated. The severest 
criticism is invited and helpful suggestions are earnestly solicited. 





ON CREATING AN INTEREST IN BOTANY. 
3y WILLARD N. CLUuTE, 
Joliet, Ill. 


How far is the teacher warranted in departing from the cus- 
tomary methods of teaching a subject in order to interest his 
pupils in it? This question has presented itself to me in con- 
nection with the recent examination of the work of a friend of 
mine who is a mild sort of iconoclast when it comes to the 
teaching of botany. He has somewhere acquired the idea that 
botany ought to be made interesting as well as instructive and 
educational to the student and looks upon every pupil that leaves 
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his courses without an abiding love for botany as an instance 
where he has not “made good.” It is a matter of common knowl- 
edge that a class that is interested is much easier to teach than 
one that is not, and these schemes he is practicing may be 
prompted by a certain shrewd selfishness, but this phase of the 
subject does not interest me at present. I wish, now, simply to 
give an account of some of his operations for making botany 
easy to “take.” 

In the course of a year my friend covers the ground usually 
covered by classes in botany, a half year being devoted to the 
structure and physiology of flowering plants and a second half 
to the spore plants and plant relationships. ‘These courses go 
rather deeply into ecology as well as work with the microscope 
‘smattering course.” In this 


and would in no sense be called a 
connection he has concluded that the work should be conducted 
at a rate that will allow the dull pupil to keep within sight of 
the rest and the course has accordingly been slowed down to 
his needs. The bright pupils have been taken care of by pro- 
viding extra work on each topic studied and if this is completed 
satisfactorily and the regular work is up to an average of eighty- 
fivé per cent an extra credit is given. This additional incentive 
to study has much to do, | think, with the quality of work done 
by the whole class. I noticed that the pupils did not work with 
one eye on the work and the other on the elock and that they 
did not leave with a relieved look as soon as the period was 
closed. In fact much studying is done voluntarily before and 
after school and at other spare times. 

Great emphasis is put upon the work in laboratory and field 
for he holds that nothing is so useful as material studied at 
first hand. The field trips are many and the students collect 
their own materials. In line with this there is preserved in a 
small museum an extensive collection of rootstalks, bulbs, tubers, 
corms, lichens, fungi, mosses, etc., that are available for study 
when they are not obtainable in a fresh state from the fields. 
The direction and destination of each field trip is left, as far as 
possible, to a decision of the class and this may account for the 
fact that the morning classes often meet him an hour before 
school and that the later classes frequently lunch in the field and 
devote part of the noon hour to study. In this way trips to 
more distant localities can be made. 

The work in the laboratory is conducted by means of a series 
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of outlines that tell the student what to study and how to study 
it, leaving my friend time to settle for individual pupils the 
points that appear too knotty for them. These outlines, let it 
be said, tell the pupils nothing that they can readily discover 
for themselves while numerous questions to be answered ensures 
that the material will be carefully studied. The “verification 
method” is here carefully avoided. To illustrate: if the chloro- 
plasts are being studied, instead of being told to note the rounded 
green bodies in the cytoplasm lining the walls oi the cell, the 
pupil is told to look for certain structures in the cell and asked 
their color, shape, position, comparative size, etc. 

The notebooks appear to be made for the teacher instead of 
the public, since they are written in the laboratory before the 
recitation or study of the text-book has been made. The note- 
book thus contains simply what the pupil has been able to find 
out from the material studied and serves to show the teacher 
whether the laboratory work has been properly understood. My 
friend insists that the idea that a notebook should contain a sum- 
mary of everything that the pupil has learned, is out of date. 
After the written work is finished the reference work is assigned 
and the recitations held. At these latter periods everything 
possible is done to correlate and coordinate the whole work of 
the topic. The notebooks under this method are not as fine as 
some that I have seen elsewhere, but they serve very clearly to 
distinguish what the pupil has learned at first hand from what 
he has had to take on the authority of the books. 

My friend still believes in examinations: not the kind that 
are set far in advance and for which the pupils cram according 
to their needs. He insists that his pupils must carry their botan- 
ical knowledge in their heads and his examinations are set at 
the most unexpected times. I have known him to postpone an 
examination when he had cause to believe that the pupils were 
expecting it. No examination is given. immediately after the 
subject to which it relates is finished. Some days are usually 
allowed to elapse for the knowledge to clarify and crystallize, 
as it were. He contends that this method makes ever ready 
pupils and I confess that the sight of certain records of previous 
work in which a majority of the pupils had passed examination 
after examination with good marks and without a moment’s 
preparation was rather convincing. He tells me that beginning 
pupils, used to the regular days for examinations in other stud- 
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ies, are at first strongly opposed to the innovation, but later, 
finding that a well informed student has nothing to fear, they actu- 
ally look upon such trials as a sort of game in which the winners 
are determined strictly on their merits. Thus relieved from the 
cramming for examinations, and uncertain as to when they will 
happen, they appear to have concluded to put more energy into 
the study of the materials in the laboratory. 

A certain small reward also goes to those who make the best 
marks. For instance, the seats in the class room are arranged 
in three rows. Those with the highest marks are seated in the 
back row, those with the poorest marks in the front row and 
the others in between. Of course the majority of the questions 
in class land in the front row, the back row being called upon 
to answer such questions as are passed by the others. One might 
think that-those in the back row would be inclined to play under 
these conditions, but the fact that others will try for their places 
at the next examination acts as a strong deterrent. The mere 
possession of a back seat is regarded as a distinction not to be 
carelessly lost. 

In a conspicuous place in the laboratory is hung a framed 
list of the names of those who have made the highest and second 
highest averages in previous years. I think he said these pupils 
receive an extra credit for this. In any event, the pupil who 
steadily holds the highest mark in class for a year seems to 
deserve it. 

I do not know how far other teachers would justify these 
little schemes to make botany attractive nor whether they would 
consider him a good teacher who could not hold the attention 
of the class by the subject. matter alone. All I can say is that 
his pupils do have an interest in botany after they leave his 
courses. They have a botanical club of their own, make Sat- 
urday excursions and hold meetings for the discussion of papers 
on botanical subjects and in general art like the budding bota- 
nists they are. : 
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A NEW LECTURE EXPERIMENT. THE BAROMETER. 
By Witt C. Baker, 
School of Mining, Queen’s University, Kingston, Ont. 

It is one thing to tell a class of beginners that the space above 
the mercury in the top of a barometer is a “vacuum,” but it is 
quite another thing to make them realize that the pressure there, 
is, for most purposes negligibly small. This difficulty, which is 
felt by all teachers of elementary classes, arises from the fact 
that in the ordinary course of their experience the students are 
more or less familiar with gas-filled spaces that exert increased 
pressure when the volume is diminished, and vice versa; but in 
general their first acquaintance with a vacuum comes in the 
study of the barometer. In this connection the writer finds it 
well worth while to use the following demonstration. 

A, A: in the accompanying 
sketch are two small wide 
mouthed bottles which, for 
convenience, are cemented 
into shallow recesses in the 
baseboard B. Through the 
tight rubber stoppers of these 
bottles pass the tubes C. C, 
and the legs of the inverted 
U tube D (as shown). At E 
is found a short stem with a 
well fitting tap. Mercury is 
poured into the bottles and is 
drawn up the tubes as far as 
possible by a water pump 
connected above E. The 
whole system is then care- 
fuliy tilted forward until the 
liquid rises about one centi- 

7// meter above the tap. Now 

[LLL Le LLITT11 /} after closing the tap and set- 
ting the apparatus upright 

again (the water pump being removed), one has two barometric 
columns to a common vacuum, and the mercury stands to the 
same height in each. The point lies in the complete mutual inde- 
pendence of these barometers. If the water pump be connected to 
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either of the tubes C, C: the mercury may be drawn down to a 
height of only a couple of centimeters without producing the 
slightest difference in the height of the other column. This 
behavior very vividly impresses the class with the idea that the 
only pressure determining the height of the barometer is the 
pressure at its base, and that therefore there can be no notable 
pressure on top of the column. 

Some physicists have objected that “all this follows from the 
definition of a vacuum.” This is quite true if you have first 
shown the space in question to be a vacuum, but it is precisely 
this idea that the experiment has been designed to impart. 


ON WHAT MAKES THE SIPHON WORK. 


The following communication has been received from Mr. 
Winthrop E. Fiske of the Phillips Exeter Academy, Exeter, 
N. H.—Epb. 

I have noticed lately that a number of the current texts in 








physics give an incorrect ex- Br — 2 
planation of the _— siphon. Siewert — "3 
Seven out of fifteen such oa 


texts that I have examined 
state that the upward pres- 
sure in the short leg of the 
siphon at A, the level of the 
surface of the liquid, is equal 
to that of the atmosphere 
minus the pressure due to the 
column of liquid AB, also 
that the upward pressure at 
the bottom, D, of the long leg 
equals that of the atmosphere as octeeeic = Sure D 
minus the pressure due to the 

column CD. It is clear that these statements are, both incorrect. 
The upward pressure at A and D is, of course, that of the at- 
mosphere, and the reason for the flow is, obviously, that the 
downward pressure at D is greater than atmospheric by the 
pressure due to the column ED. I call your attention to this 
matter thinking that there are doubtless other teachers of physics 
who may be interested in it. 
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FOOT APPARATUS. 
By F. C. Van Dyck, 

Rutgers College. 

The apparatus shown 
in the figure was de- 
vised by me for the 
purpose of adding in- 
terest to study of the 
foot, regarded as a 
lever. 

The boards ABC 
have hinges at their 
outer ends marked A. 

The triangular pieces, 
marked B, can be sym- 
metrically placed any- 
where between A and C 
on each side. The force 
required to lift the 
boards while empty, and 
the weight of the spring 
balance, may be noted 
and allowed for in com- 














wW 
ES putations of the results 
A of experiments when 
, great accuracy is de- 
sired. 
While a person sustains himself the following relation exists 
in all symmetrical positions of B and B...... weight of man: 


balance reading—BC : AB. Also, since the force exerted by 
the man is transmitted as reaction to B and B, the ratio of the 
sum of pressures at those points to the balance-reading equals 
the ratio of AC to AB. The forces at all the axes, and the axis 
at which the agent’s force is applied, being known, location of 
the fulcrum follows. The accepted principle may be thus stated: 

The fulcrum of a lever is at the axis where that force acts 
which produces no displacement and therefore does no work. 


Views of the Majority. 


Almost unanimously it is assumed that a proper application 
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of this principle locates the fulcrum at the toe, in case of the 
foot, at the blade of the oar, etc. This implies that the force 
at the central axis is to be regarded, in its entirety, as the re- 
sistance, or “weight.”” For instance, Watson’s Physics (quoted 
because recent) says, “The pressure on the rowlock is the 
‘weight.’ ” 

Let this assumption be applied to the foot apparatus, taking 
numerical values for convenience. Place B and B so that AB= 
BC on each side, and let the weight of the man who lifts him- 
self be 100 Ib. Then (disregarding weight of balance and 
boards, and computing for one side only) force at C=50 lbs., 
and force at B=100 lbs. If the point B is raised 1/10 of a foot 
from the plane of the hinges, the point C is raised 1/5 of a foot 
from that plane. The man’s pull of 50 lbs. is said to be exerted 
through 1/5 of a foot, doing work-=- Io ft. Ibs. 

Obviously, the energy produced while raising the point B 
1/10 of a foot should also amount to 10 ft. lbs. The kinetic 
energy produced is negligible, because the lifting is so done as 
to keep balance-reading constant. The energy produced of the 
form weightXheight=5 ft. Ibs., and that of some other form 
should also=5 ft. Ibs. Is the latter 5 ft. Ibs. in an available 
form? 

Since it is “begging the question” to assert that it is given 
back as the man lowers himself to his initial position, some other 
test must be devised. Let the man, while in his highest posi- 
tion, cease to pull; the 50 lb. reaction vanishes, but the s ~ 
lbs. of form weightX<height remains. The energy of fori. , 7} 
exists, if at all, in some unfactored modification, since the 
“weight” has vanished. Perhaps it was “dissipated” during 
process of production. It would be interesting to discover that 
it pays to walk flat footed, avoiding use of the calf muscles. 


Views of the Minority. 


They maintain that all the energy produced by the man lifting 
himself is of the form weight Xheight; none of the weight being 
figurative “weight.” 

They hold that whether a bystander lifts the man standing on 
the boards, or whether he lifts himself, in either case the space 
through which the lifting force is exerted is the increment of 
the distance between the hands and the feet of the agent. Ap- 
plying this to rising on the toe, the distance through which the 
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force of the calf-muscle is exerted is the decrease in length of 
the muscle. 

They claim that in applying the above stated principle the 
usage in all cases, excepting the foot and its analogues, is to 
credit the displacement by which the energy is produced to that 
force which remains the same for all values of the ratio of the 
sections of the lever. For example, if a bystander lifts the man, 
the force at B is the same wherever B may be placed between 
A and C, and that force is said to produce the change in con- 
figuration of the system earth-body. If the man lifts himself, 
the force at A is the same for all values of the ratio AB:BC, 
and usage points to that force as effecting the change of con- 
figuration, and to B as the fulcrum. Hence distance moved by 
the point C is 1/10 of a foot, and the work done, by the force 
applied there, is 5 ft. Ibs. 

Take rowing as another instance. Here the energy produced 
is at first in the eddies, caused solely by the boat if oar-blades 
are applied above the water surface to posts driven into the 
earth underneath, and finally in the form of heat. In order 
that acceleration may be left out of account, let the speed of the 
boat be nearly uniform. 

Then during any stroke the resistance of the water is anal- 
ogous to the weight of the man who lifts himself on the boards, 
and the ratio of the settions of the oar may be changed ad 
libitum, if the angular sweep of the oar is correspondingly varied, 
without causing alteration of the speed of the boat or of the 
pressure of the oar blade on the water, or even of the frequency 
of stroke. Altering the ratio of the oar sections merely entails 
changes of the forces at hand and rowlock, just as the forces 
at B and C of the figure depend upon the ratio AB: BC. Ac- 
cordingly the fulcrum is at the rowlock, and the pressure on it 
is only statically important. 

The belief of the minority is that all cases of leverage may, 
and should be treated alike, regarding all motion as ‘relation 
dealing with each force in its entirety, and adherimg to the same 
principle and the same usage. 

Unanimity may be hopefully striven for in subjects which do 
not depend upon speculative data. 
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THE ICE DAM ON THE MISSOURI RIVER. 
By Ettwoop C. PeErisHo, 
Department of Geology, University of South Dakota, Vermillion, 
March 13, 1907. 

The people of at least three states are now watching the action 
of the Missouri River. Not since 1881 has life and property on 
the bottom lands of this interstate stream been in such imminent 
danger. 

The great damage, now, as in former years, seems to center 
between Sioux City, la., ad Yankton, S. D. In this connection 
it might be noted that near the former city the Big Sioux flows 
into the Missouri, while at Yankton the waters of the Dakota or 
James River join those of the Missouri. And at Vermillion, 
between the above cities, the Vermillion River adds its contents 
to that of the larger stream. The possibilities of such disastrous 
results, along the above portion of the river, will be the better 
understood when it is known that the Missouri, between Yankton, 
S. D., and Sioux City, Ia, flows through a flood plain 5 to 20 
miles wide. 

On the south of this flood plain are the Nebraska bluffs, rising 
in some places 300 feet above the river, while on the opposite 
side is the level, almost uneroded glacial bench nearly 100 feet 
high on the South Dakota side. No richer and more easily 
worked farm land can be found than this flood plain. 

The following maps will make clear the above as well as the 
location of the present ice dam, old Missouri channel, etc. 

The first portion of South Dakota to be settled was the rich, 
level bottom land along the river. All this flood plain, so I am 
told, was well timbered, which added greatly to its desirability, 
as the place for the early settler to locate. Even to-day, one may 
find, here and there, a lone tree 2 to 4 feet in diameter, which 
stands as a monument of what has been. 

A quarter of a century ago, what is now the little city of Ver- 
million, the seat of the State University, was a flourishing vil- 
lage “down on th. bottom,” where now you will find the eleva- 
tors, lumber yards, coal bins, stock yards, and railroad station. 
Time in this place, I find, is recorded before or after “the flood,” 
which refers to 1881, when the town was practically destroyed 
by being washed away by the great overflow of that year. Ver- 
million was not the only town to suffer from the above flood. 
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All the lower portions of Yankton had a similar experience. The 
beautiful village of Green Island, on the Nebraska side, was 
entirely destroyed, and on the very place where the town stood 
the Missouri River cut its deep channel and has kept it there 
ever since. So great was the force of the massive blocks of ice 
which, getting loose, swept down the river, that fifteen steam- 
boats between Sioux City and Yankton were destroyed during 
the flood of 1881. I am told that the cakes of ice would crush 
a boat as though it were an eggshell. Houses and all kinds of 
buildings suffered a like experience. There seemed to be nothing 
that could withstand the power of the water and the ice. 

One trouble of these great floods is found in their suddenness. 
Many of my friends tell me that on Sunday night, March 27, 
1881, they only had time to rush out of their homes and run for 
a place of safety, taking nothing with them but the clothes they 
happened to have on at the time. No time to collect jewelry or 
silverware, or any articles of exceptional value. Some who lived 
in houses of two stories were enabled next day, before the build- 
ings went down stream, to take boats and reach the upper story 
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windows, thus getting some things from the upper rooms. Yet 
such cases were very rare. At the village of Meckling, a few 
miles to the west, the people lived for days in the upper part of a 
big elevator. 

On the evening of February 17, 1907, almost without a sign of 
warning, the entire flood-plain of the Missouri River in the 
vicinity of Vermillion was flooded, due to the formation of an ice 
dam in the river near the junction of the Vermillion with the 
Missouri River. 

The position of the dam may be seen on the above drawing. 
In less than 24 hours this dam of solid ice had grown to be 2 to 
3 miles in length, and varying from a few feet to 50 feet in height. 
Ice in a less compact form yet filling the river, extended up 
stream from 12 to 15 miles. All the people in these rich and well 
populated bottom lands had to hasten to some place of se- 
curity. Many farmers worked all night trying to save the stock. 
I know one man who got his hogs on the top of a straw stack, 
where he kept them for a number of days. Another put his hogs 
in the mow of his barn. It was easier to get the horses and cat- 
tle to higher ground than to remove the smaller animals. 

Had the rise of water been more sudden the loss in stock 
and grain would have been much heavier than it was. Vermillion 
was full of people and stock brought up from the bottom. The 
County Fair Grounds had been converted into a great corrall for 
horses and cattle. 

The C., M. & St. P. R. R. in this portion of the valley is about 
5 miles from the river, yet a long stretch of the track both east 
and west of Vermillion has been washed out by the overflow. 

So dangerous was the situation for the people and property 
both real and personal, that the United States Congress appro- 
priated $5,000 to try to relieve the situation. The govern- 
ment directed the engineer of the Missouri River at Sioux City, 
Colonel James B. Quin, and Mr. W. B. DeWitte, to make an ex- 
amination of the ice dam, and if possible to relieve the additional 
danger by blasting the ice gorge. Mr. DeWitte visited the ice 
dam and then sent for men and powder. On March 9, a number 
of blasting experts went to the dam to begin the work of loosen- 
ing the ice. The weather was most favorable, having become 
much warmer. The first dam was soon so weakened that the 
water freely went down the channel of the stream. 

On March 11 a dam was formed to the west of Vermillion 
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which so completely checked the current of the river that a big 
overflow occurred, which washed out another long stretch of 
railroad track. Before reaching the above ice dam, the engineers 
had an opportunity to break up a gorge formed in the Vermillion 
river near the railroad station. This they were able to do with 
three blasts of powder. 

The blasting party is now, March 13, up the river trying to 
move the second ice dam, before the river gets out of its course 
so extensively as to establish a new channel. 

The damage done by an ice gorge, and its attendant overflows, 
is not simply found in the buildings and grain and stock de- 
stroyed, but is also found in the destructive erosive work done. 
The flood plain is “made soil,” it having been deposited there 
as is common in such formations. However, the Missouri flood 
plain contains enough sand to make it exceedingly easy of erosion. 
Once a stream begins to run in any direction it can soon cut out a 
big channel, and thus change the bed of the river. 

As indicated by the above figure in 1881, the Missouri flowed 
by the side of the Dakota “bluff” in what is now the Vermillion 
channel. Vermillion, in those days, was an important steamboat 
town. In some way a current started to the south a few miles 
west of town and from that time to this Vermillion has been 5 
miles from the Missouri. The Missouri is the dividing line be- 
tween South Dakota and Nebraska, hence the anxiety from an- 
other reason, hundreds of farmers do not know in the evening in 
what state they will find their farms in the morning. 


ONTARIO’S RICH MICA MINE. 


Consul H. D. Van Sant reports that at Sydenham, Ontario, sixteen 
miles from Kingston, is located the largest mica mine in the world. 
The product is mostly amber mica, with some silver amber, the highest 
quality mined. The mine is one mile from the upper end of Sydenham 
Lake, and the mica is transported in bulk from the mine by barge to 
the railroad at Sydenham, where it is shipped to Ottawa for trimming 
for the market. From Ottawa it is exported to the United States and 
other points. This valuable mine is owned and worked by Americans, 
and the output is almost entirely taken by one of the largest American 
electric companies. 
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SNOW ROLLERS AT CANTON, N. Y. 
sy M. L. Fuccer, 
Canton, N. Y., March 30, 1907. 

I send a few notes relative to the formation of snow rollers 
in the village of Canton on February 19, 1907. 

The conditions attending the formation of the rollers were 
as follows: Upon a dry and evenly distributed snow covering 
of 4 inches depth there fell late in the forenoon of the 19th a 
half inch or more of fine, dry snow. After 1 p. M. the falling 
snowflakes were of greater size, becoming large, moist, and 
feathery after 3:25 Pp. M. and continuing to 4:25, by which time 
a total of about one inch had fallen. Light snow, with about 
one-tenth inch of dry sleet, occurred from 4:25 to 6:55 P. M. 

The temperature, from 10° F. at the 8 A. M. observation, 
increased to 17° by 3:15 P. M., then rose suddenly to 31° at 
3:30, and slowly to 34° by shortly after 6 pr. M., from which 
maximum it fell to 17° by 7:15 P. M. 

This abrupt rise of temperature and brief thaw accompanied 
a southwest wind with a velocity of 30 to 40 miles per hour 
that burst suddenly upon this locality at 3:25 Pp. M., displacing 
the northeasterly winds of 4 to 12 miles of the morning and 
midday, which had continued practically up to that hour. 

Though the formation of the rollers was not witnessed, so far 
as ascertained, it is known to have occurred in the late after- 
noon or early evening, probably between 5 and 6 Pp. M. Small 
rollers were found next morning in a variety of locations. The 
largest had been developed on a sloping lawn where the strong 
wind, striking the exposed side of a large cottage, had swept 
downward and away, rolling the snow downhill. Here the 

largest attained diameters and lengths of 10 to 12 inches. In 
structure they closely resembled rolls of cotton batting, but the 
centers were almost invariably shorter than the outer layers. 
The layers were plainly marked and varied somewhat in thick- 
ness, averaging probably three-fourths of an inch or more and 
being usually thinner near the axis. In occasional instances 
the centers were very short or almost wanting; and the rolls, 
although firm enough next morning to be handled, were much 
lighter than snowballs of the same size when rolled by hand. 
thus indicating but slight packing of the snow in the wind 
rollers. 

From the conditions observed in this instance it would appear 








42 SCHOOL SCIENCE AND MATHEMATICS 
that the flakes of a light, fluffy layer of surface snow are made 
adhesive by a sudden rise in air temperature while the under 
snow still remains cold and dry, and the particles of damp sur- 
face snow are enabled to adhere to each other but not to the 
dry under snow. A strong wind may then push over little 
prominences or projections of the surface snow and start them 
rolling, when of course they will continue to travel and grow 
until the resistances overcome the propelling power of the wind. 

The accompanying photographs (see figs. 1 and 2) of the 
Canton rollers were taken by Mr. Ford Moran of the class in 
climatology at St. Lawrence University. 

Another member of the class in climatology, Miss Ione A. 
Jillson, subsequently reported having once witnessed the forma- 
tion of snow rollers, and at the suggestion of the writer con- 
tributes the following account. As its author appears to be 
habitually careful and painstaking in both observation and state- 
ment, the description is thought to be of value: 














Fig. 1—Snow rollers at Canton, N. Y., February 20, 1907. 
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Fig. 2.—Snow rollers at Canton, N. Y., February 20, 1907. 


During the winter of 1895 I watched the formation and prog- 
ress of so-called snow rollers. The temperature was probably 
a trifle above the freezing point, following a snowstorm char- 
acterized by very large, light flakes. For the most part the 
wind seemed to sweep downward and get under a slightly pro- 
jecting mass of snow and set it in motion. As the roll grew in 
size the speed, at first very rapid, slackened until the mass 
became too compact and heavy to be moved farther. Sometimes 
a triangular shaped “card” of snow, often three or four inches 
across the base, would rise and fall several times before the 
wind gained sufficient purchase to turn the point over and start 
the roller. This card looked very much like the corner of a 
piece of paper as it rises and falls with the wind just before it 
is blown away. The snow seemed to be of unusual consist- 
ency, rendering it tough and flexible. 

These rollers were observed at Edenton, St. Lawrence County, 
N. Y.—Monthly Weather Review, February, 1907. 
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PROCESS AND FEATURE IN THE TEACHING OF PHYSICAL 
GEOGRAPHY. 


By Proressor R. D. CALKINs, 
Michigan State Normal School, Mount Pleasant, Mich. 


When physical geography was rescued some years ago from 
the boneyard of the dead languages, it was given a new name 
and a new place in the realm of knowledge and the world of edu- 
cation. This resurrection and ascension of physical geography 
to a place among the gods of science was accomplished by intro- 
ducing into the subject the causal notion or explanatory idea. 

Now what do we mean by cause and effect and the explanatory 
idea anyway, and what is there in it that has such life-giving and 
resurrectionary powers? When we follow a chain of causes 
back and back until the inquisitive mind ceases to ask why and 
is satisfied, or until it finds no answer to its further questionings, 
and then go in review over the impress and effect of such an in- 
quiry on the mind, we shall generally find recorded there the 
memory of a succession of events. This succession of events as 
thus held in mind consists, in the case of most phenomena of the 
physical world, of two sorts of ideas. On the one hand we have 
the concepts of a variety of material things, on the other of these 
same material things in motion. These motions of material 
things succeed each other in time and leave imprinted upon our 
minds the memories of a succession of phenomena which for 
purposes of this discussion we may call a series of events. 

The memory of this series of events which leads from one ob- 
served phenomenon or thing which we call a cause to some other 
phenomenon or thing which follows it in point of time and which 
we call an effect—constitutes for most of us our sole notion and 
idea of causation. When a certain event or phenomenon always 
and invariably follows a given preceding event we come after a 
number of repetitions, to look upon one as effect and the other as 
cause. We have come to believe that lightning causes thunder 
because the lightning always precedes and the thunder follows. 
When we attempt to explain the thunder we introduce between 
the observed flash of lightning and the heard clap of thunder a 
series of unheard and unobserved events which connect the two. 
The world did not know the cause of the spread of yellow fever 
because it did not know the series of events which connected 
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the spread of that disease with the mosquito. To introduce and 
discover this series of unheard and unobserved events between 
various causes and their respective effects is the business of 
modern science. 

But this succession of events in time is also process, and 
cause and effect are thus inseparably connected with process. 
When we describe a process we simply state the series of events 
of which it consists, and when we know and understand this 
series of events, we know the cause or causes which produced 
the given thing or phenomenon. 

If I am correct in my first statement that it was the introduc- 
tion of the causal notion that transformed the old physical geog- 
raphy into the modern physiography, and in my second that the 
causal idea arises from the knowing of a series of events which 
connect any given so-called cause with its consequent effect, and 
in my third that this series of events is also a process, then I am 
right in my conclusion which I now draw that it was the intro- 
duction of process into physical geography that rejuvenated it. 

Whatever be the relation of process to feature in the teaching 
of physiography, whenever process does enter as an explanation 
of feature, there are at least two errors to be guarded against in 
giving any process or explanation. The first of these is that 
every step in the process, every event in the series, must be 
stated or understood, and none omitted or left out. If the com- 
plete process with every step, every event stated, is too difficult, 
then omit the explanation entirely, for there is nothing surer in 
this world than that if an entire series of causally connected 
events is too difficult to be understood when all are stated, it 
does not simplify the matter any by omitting one, two or three 
events in the series, and yet that was just the inheritance that we 
received from the old geography when it attempted explanations. 
Take, for example, the old explanation for convectional circula- 
tion of air, due to unequal heating, as we used to commit it to 
memory, and as it is still taught widely in the grades. 

1st event. The air becomes heated—poor statement, 

2d event. is made lighter—three events omitted, 

_ 3d event. and rises—two more events left out, 

4th event. and the cold air comes in to fill its place—event not in 
its sequential order. 

Is it any wonder we never understood convection when a 
process consisting of eight events is reduced to four? Is it to be 
wondered at that we committed these four to memory as the only 
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thing to be done, and glibly repeated them when the teacher 
pressed the button ? 

Explanation of this kind is perfectly deadening in its effect 
upon students. It not only prevents mental growth, but it blasts 
and withers, because thinking they know when they know not, 
all desire to know is killed. 

A second mistake that we often make in teaching an explana- 
tion or a process, but more frequently in calling for explanations 
from our students, is the giving or the receiving from them the 
rame of the cause instead of giving or requiring a statement of 
how the cause causes. Thus, if I ask a student this question, 
“Why’—and why means explain why—‘do the trade winds in 
the Northern hemisphere come from the Northeast?” or this: 
“Why do cyclonic storms whirl from right to left in the Northern 
hemisphere?” and he answers, “Because of the rotation of the 
earth,” I am doing him a permanent injury if I accept his answer 
and thus permit a “why question” to be answered by a “what 
answer.” Thinking, and, therefore, the discipline of physiogra- 
phy or geography arises from the tracing of a series of events 
from any given feature or phenomenon back to their causes and 
forward to their effects. If we allow some of the events in the 
series to be omitted, or the whole series to be skipped, and only 
the first cause or the final effect to be stated when asking for the 
whole series or the complete explanation, we are robbing physi- 
ography of its greatest disciplinary and educational value. 

Physiography consists of or deals with two manifestations of 
Nature—material things or physical features and these material 
things in motion or process. [Feature and process can never be 
disconnected or separated. Process implies motion and activity, 
but motion and activity are unthinkable without some thing that 
is moving. We begin with a thing, a something in motion. This 
motion is imparted to other things and a chain of causation, a 
series of events, is started which finally produces some great 
physical feature of the earth, a mountain, a wind, a flowing 
stream. These great features in turn set up various activities 
which manifest themselves in life. These physical features of 
the earth, how they were caused, and how they influence human 
and other life, constitute the province of physiography. 

How shall we proceed in teaching the subject? Shall we be- 
gin with feature describing, picturing, illustrating, tracing out 
human consequences, and then, when the given feature is clearly 
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understood, explain it or give the process by which it was pro- 
duced? Or shall we proceed more deductively, beginning with 
some preceding cause and following out the process or series of 
events which produced the given feature? 

A study of existing text-books of physiography shows us that 
the authors of these texts may be divided into two classes, accord- 
ing to the way in which they have answered these questions in 
writing their books. The method of approach and the emphasis 
placed upon process or feature by these various authors depends 
upon whether their point of view be that of geology or geogra- 
phy. The geographer is interested primarily in feature because 
it conditions and influences life. The geologist is interested in 
process. He studies existing and present features because they 
contain a record of certain past processes. His business as a 
geologist is to write the story of past events and processes. The 
one takes feature as a cause, and looks forward to its effects upon 
life; the other takes feature as an effect, and looks backward to 
the processes which caused it. Geography and geology stand in 
part upon common ground, but they stand back to back and face 
in opposite directions. 

The point of view of physiography or physical geography is 
geographic, and its interest lies in features and their effect upon 
life, but these “features must not only be described, they must be 
explained so that the understanding shall aid the memory in 
holding them in mind.” Shall we begin with process and lead 
up to feature, or shall we begin with feature and work back 
through process ? 

At this point I turned to two modern text-books. The first 
188 pages of one book is called “General Physiographic Pro- 
cesses,” and deals with such topics as changes in surface and 
climate, warfare of forces, rising and sinking of the land, wrink- 
ling and folding of the crust, denudation, work of running water, 
wave erosion, etc., etc. This is followed by part II, where the 
results of the preceding forces are discussed under such heads as 
marine plains, lake plains, plains of erosion, volcanic plains, 
mountains of erosion, mountains of folding, mountains by fault- 
ing, etc., etc., with the emphasis ever upon the process concerned. 

Nowhere in the other book is there a single chapter dealing 
with process. Here and there are brief paragraphs and sen- 
tences, but process is subordinated, and feature and the relation 
of feature to human life are the striking characteristics of 
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the book. When a given feature has been covered, enough of 
explanation has been woven into the description so that one un- 
derstands how it was produced. This book gives one an interest 
in and a feeling for feature and region. The other book arouses 
interest in the great processes and forces of nature. Is this 
merely a peculiarity of these two books, or is it inevitable when 
the subject is presented, after the manner of either of these 
books? Which, or what, should be the point of view of physi- 
ography? Which method of approach is along the lines of least 
resistance, and at the same time a¢complishes the end in view? 


APPARATUS FOR CONCURRING FORCES. 
By Wacrter D. Bean, 
Chicago Heights, Til. 
The accompanying picture illustrates a piece of apparatus of 
my own. constructing for demonstrating concurring forces. It 
consists of a drawing board 





i) of soft wood, three spring bal- 
ances, three violin pegs, and 
four thumb tacks. In the board 
are drilled two circles of holes 
the size of the violin pegs. To 
a small metal ring are attached 

_three fine steel wires, the other 

'ends of which are fastened to 
the hooks of the balances. The 

| rings of these balances are fas- 

|tened to wires that are run 
through the pegs. 

By placing these pegs in the 
proper holes and turning, the 
desiréd tension is obtained and 
maintained as long as desired. 
The rest of the experiment is the same as outlined in any good 
manual. 

The violin pegs do away with the clumsy clamps that we have 
heretofore used. The two circles of holes make it possible to 
choose any angle. 

The whole thing is so simple, works so easily, and gives such 
good results that I am more than pleased with it. 
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AN EASY METHOD OF ILLUSTRATING THE ‘‘HYDROSTATIC 
PARADOX.’’ 
By Cas. H. Smiru, 
Hyde Park High School, Chicago. 

Many instructors in physics when attempting to prove the 
principle of the “Hydrostatic Paradox” by means of a pressure 
plate held against the bottom of the vessels always find that 
they begin to leak around the plate before the liquid has reached 
the proper height. 

While the method of illustrating this principle here described 
is not new it has not received the recognition which it deserves. 
The accompanying figure makes the method plain. 
































end of the base E, to which the three vessels are successively 
screwed, is fastened by thread or a metal collar F, a piece of not 
very heavy sheet rubber G. Pressing against the middle of this 
rubber is the knob H of the pointer lever I J, L being its fulcrum. 
MN is a scale to indicate the rise of pointer. Before any liquid 
is placed in the vessels the pointer is adjusted in a horizontal 
position. When a liquid is put into the vessels the middle of 
the sheet rubber is pressed downward and the end J of the pointer 
rises. It will be found that when the liquid level reaches the 
some height O, in each of the three vessels, that the pointer will 
likewise have risen to a corresponding division on the scale. 
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DEMONSTRATING THE STOMATA IN LEAVES. 
By WILLarp N. CLUuTE, 
Joliet, Jil. 


In the November number of this magazine are two experi- 
ments intended to show the presence of stomata in leaves. It 
seems to me neither experiment proves what it attempts to prove. 
That air will enter the leaves either through the petiole or the 
epidermis is no proof that these parts contain stomata. It is 
conceivable that air might enter through small breaks in the 
epidermis or the intercellular spaces might by inference be sup- 
posed to extend to the surface. Suppose in place of the epi- 
dermis we could substitute blotting paper. Air would go 
through it as readily, but there are no stomata in blotting paper. 
What these experiments really prove is that the openings in the 
epidermis are in some way connected with the air spaces in the 
petiole and again, by inference, by means of the intercellular 
spaces. Either experiment is an excellent one to prove this. 
But if it be required to show the presence of stomata in leaves, 
why not strip off a piece of the epidermis and see them for 
yourself ? 





BLOWING SPRINGS AND WELLS OF GEORGIA. 


Mr. S. W. McCallie of the Georgia School of Technology, de- 
scribes the blowing springs and wells of Georgia in Science for 
February 8, 1907. There aretwokinds: 1. Those in which the air 
passes inward for a time and after a short time reverses its 
course. 2. Those in which the quantity of air is constant and 
moves in one direction only. To the first class belongs the Grant 
Blowing Spring, which is located at the base of Lookout Moun- 
tain, near the Georgia-Tennessee State line, about three miles 
from the corporate limits of Chattanooga. The spring has long 
been known, and is much frequented by tourists visiting Chatta- 
nooga. 

In general appearance the spring is not unlike many other 
springs met with along the eastern base of Lookout Mountain. 
It flows from a fissure, at the base of a limestone bluff, forming 
a good-sized stream. The spring itself reveals but little evidence 
of the phenomenon for which it is noted. Nevertheless, the phe- 
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nomenon can readily be detected by holding a smouldering match 
or lighted paper near the opening from which the water flows. 
The motion of the air is to be seen in its full force at an opening 
in the bluff above, about forty feet distant, and at an elevation of 
ten of fifteen feet above the spring. At this opening, which leads 
down to the spring supplying the spring, there is, at times, a 
strong current of air passing inward or outward, depending on 
the atmospheric conditions. 

Observation shows that the direction of the currents has noth- 
ing whatever to do with relative temperatures. That these cur- 
rents are due solely to the variation of atmospheric pressure ap- 
pears to be conclusively demonstrated. The outgoing currents 
always take place during rising barometer, and ingoing currents 
during falling barometer. As the atmospheric pressure usually 
increases daily from 4 A. M. to 10 A. M., and decreases from 10 
A. M. to 4 P. M., it follows that springs, wells, and caves of this 
class will generally have an indraft in the forenoon and an out- 
draft in the afternoon. If the daily variations of atmosphere 
pressure were regular, the ingoing and outgoing currents would 
also be regular, and would take place at the same time each day. 
However, as the daily maximum and minimum barometric read- 
ings may vary greatly from day to day, due to approaching 
storms or other causes, the ingoing and outgoing currents will 
not always act with the same energy. 

In the second class of wells and springs the constantly outgoing 
or the constantly ingoing current is entirely independent of atmos- 
pheric conditions. The currents, whether outward or inward, act 
with equal energy during high or low barometer, and always 
move in the same direction. 

The phenomenon seems to be due.entirely to friction of the air 
on a rapidly moving current of water. This phenomenon is beau- 
tifully illustrated in Richards’s water air-blast, to be found in 
many well equipped chemical laboratories. In the Boston well, 
and also in the Lester well, appear almost exactly the same con- 
ditions met with in the Richards water air-blast. The well itself 
forms the inlet for the air and the rapidly flowing stream in the 
subterranean channel below completes the conditions necessary 
for an ingoing air blast. As the air in the wells here named is 
constantly drawn in, it naturally follows that it must escape at 
some other point as an outgoing current, thus giving rise to con- 
tinuously blowing caves or springs. 
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PROBLEM DEPARTMENT. 


Ina M. DeLonge, 
University of Colorado, Boulder, Colo. 


Readers of the Magazine are invited to send solutions of the problems 
in this department and also to propose problems in which they are in- 
terested. Problems and solutions will be duly credited to their authors. 
Address all communications to Ira M. DeLong, Boulder, Colo. 


Algebra. 

77. Proposed by I. L. Winckler, Cleveland, Ohio. 

I bought 674,867 sheep at less than $10 per head; I paid for them 
in ten-dollar bills and received back in change $7.39. How many bills 
did I give? (Mathematical Magazine, 1883). 

‘Solution by W. L. Malone, Fern Hill, Wash. 


Let « = the price of a sheep in cents, y = the number of ten-dollar 
bills. .°. 1000y — 739 = 6748672, 
ys 6748672+739 _ 674x + 867x + 739 
1000 1000 
The smallest integral value that renders ele + 739 integral is 
000 
@ = 983, the fraction taking the value 853, and 


y = 663395. 

Note: the conditions of the problem do not require « to be integral, 
but the solution is given on the assumption that an integral value was 
intended. 

78. Proposed by W. T. Brewer, Quincy, Ill. 

Find the values of z and y in the equations: 
=*ty—! (1) 


{(=+9-345) V(t 5) r+y 


2 
x—y=—3+ 
3 Vx-y 
Solution by Mary Clemmer Tracy, Passaic, N. J. 
Lets=—e+yt=a«— y, then 


[s—2 ag fim = 1—! 3) 
\ 5 \ Ss 5 
t=3+ 2 (4) 
Vv! 

From (3) ¥(s—1) /s= 0. (5) 
and ¥(s+1) — V(s—1) /s = 1. (6) 
From (5) s=1 (7) 

and from (6) s* — 23° — g* + 2s + 1 = (8? — 8s — 1)*=— 0, 
whence s = % (1+ V5). (8) 


From (4) t* — 6t? + 9t —4— (t— 4) (t—1)*?’=0 
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Solving (7, 9) and (8, 9) we obtain 
2=1, §, 93+ 75),4(19 + #5) 
y = 0,-§, (—-1 =V5) ,4(-7 = V5). 
[The first three sets do not verify (2) and are extraneous solutions. 


The roots are therefore x = } (9+ 75), y= }4(-—7+ 45). Ed.] 
Geometry. 


79. Proposed by D. C. Colson, Tipton, Ga. 

Given two circles with centers O and O’ and a point A in their 
plane, to draw through the point A a straight line meeting the cir- 
cumferences at B and C so that AB : AC =m : n. (Wentworth’s 
Plane Geometry, page 179, Ex. 311.) 

Solution by B. L. Brown, M.A., Denver, Colo. 

Join CA and prolong to D so that CA : CD =m: n. Find @ so 
that « : CB =n _: m, where CB is the radius of the circle C. With 
D as a center and « as radius describe an. are intersecting circle O’ 
in C. Draw CB so that angle ACB = ADC. Join AB and AC. Clearly 
triangles ACB and ADC are similar. Therefore AB : AC =m: Qn, 
and the line BAC is straight. 

80. Proposed by H. EB. Trefethen, Kent's Hill, Maine. 

If from any point within or without the plane of a given rectangle 
lines be drawn to the vertices of the rectangle, the sum of the squares 
of the iines drawn to two opposite vertices is equal to the sum of the 
squares of the lines drawn to the other two vertices. 

Solution by G. B. M. Zerr, Ph.D., Philadelphia, Pa. 


Let P be the given point, then 

PB* = PQ* + BQ, 

PD? = PR? + RD’. A 

PC? = PQ? + Qc? — PQ? + RD’, ‘J 
PA' = PR? + RA? = PR* + BQ’. P 


.°. PB* + PD’ = PC’ + PA' = PO 
POQC 


+ BQ? + PR’*? + RD. 
Applied Mathematics. 


81. Proposed by William B. Borgers, A.B., Grand Rapids, Mich. 

Assuming 0.5 as the coefficient of friction between the tires and the 
pavement, 1.25 as the factor of safety, and g = 32 ft. / sec.*, what is 
the highest velocity at which a bicycle could turn a curve of radius 
100 ft.? (The ground is assumed level.) 

Solution by H. BE. Trefethen, Kent's Hill, Maine. 

Let w = the weight of the bicycle and rider, r = 100, c = number of 
feet per second at the limit of safe speed. 1.254 — v = velocity when 
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the bicycle is in neutral equilibrium. Then the balanced forces are 


> = wv? Whence v = 40 = 1.252, @ = 32 feet per second, or 
Ps 
21 ovit miles per hour = highest safe velocity as required. 
Credit for Solutions Received. 

Algebra 72. Virginia Williams, Mabel Kluss, Kate Kerr, Irene Sheeby, 
Edith Orr, Keith Gray, Ethel Harris, Winnie Miller, 
Ralph Davis, Elmer L. Schroeder, Mary L. Constable, 
Adelaide Harris. : 

Algebra 73. Virginia Williams, Mabel Kluss, Kate Kerr, Irene Sheehy, 
Edith Orr, Keith Gray, Ethel Harris, Elmer L. Schroeder, 
Florence Marston, Sidney Shorheed, Winnie Miller, Ade- 
laide Harris, Ralph Davis. 

Algebra 77. G. E. Congdon, Mary L. Constable, I. L. Winckler, W. L. 
Malone, E. L. Brown, W. T. Brewer, Wilfred H. Sherk, 
Geo. A. Harper, G. B. M. Zerr, H. C. Whittaker, F. J. 
Taylor, Raymond F. Holden, R. P. Harker, H. EB. Tre- 
fethen (two solutions), O. S. Hoover, W. A. Crusinberry, 
A. J. Lewis. 

Algebra 78. Sewall Wright, I. L. Wincklier, Mary Clemmer Tracy, 
H. E. Trefethen, E. L. Brown, G. B. M. Zerr, W. T. 
Brewer (two solutions), Geo. A. Harper, James A. 
Whitted, Gertrude L. Roper, W. K. Carswell, W. L. 
Malone, O. S. Hoover, F. C. Mitchell, W. A. Crusinberry, 
A. J. Lewis. Also two incorrect solutions. 

Geometry 79. I. L. Winckler, E. L. Brown, G. B. M. Zerr, John H. 
Bortz, Geo. A. Harper, G. E. Congdon, O. S. Hoover, J. 8S. 
Brown, H. E. Trefethen, F. C. Mitchell, W. A. Crusin- 
berry, A. J. Lewis. 

Geometry 80. Mary L. Constable, I. L. Winckler, Gertrude L. Roper, 
G. E. Congdon, G. B. M. Zerr, John H. Bortz, Geo. A. 
Harper, E. L. Brown, O. S. Hoover, J. 8S. Brown, H. E. 
Trefethen, F. C. Mitchell, W. A. Crusinberry, A. J. Lewis. 

Trigonometry 76. Arthur B. Turner. 

Applied Mathematics 81. E. L. Brown, H. E. Trefethen, I. L. Winckler, 
Wm. B. Borgers, G. B. M. Zerr. 

Total number of solutions, 94. 





PROBLEMS FOR SOLUTION. 


Algebra. 
87. Proposed by J. Alexander Clarke, Philadelphia, Pa. 
If ate : bc + cd _ 2bcd + cd* —ad* 
2 swe cd — be 


88. Proposed by I. L. Winckler, Cleveland, Ohio. 

A man buying a rectangular garden whose perimeter is to be 100 
yards, agreed to pay one dollar for every yard of the length and four 
dollars for every yard of the width. Required the least cost of a 
square rod of this ground. 
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Geometry. 


89. Proposed by J. W. Ellison, Alcott, Colo. 

Construct a triangle having given the three medians. 

90. Proposed by H. BE. Trefethen, Kent's Hill, Maine. 

A circle of radius 2 is inscribed touching two sides of a rectangle 
6 by 8. What is the radius of another circle touching the other two 
sides and the given circle? 

Miscellaneous. 
91. Proposed by Ira M. DeLong, Boulder, Colo. 


Since the axes of an ellipse are at right angles the product of their 
slopes is — 1; but since they are also conjugate diameters, the product 


— § 


a 


of their slopes should be Explain the anomaly. 


QUALITY OF THE WATERS OF THE GREAT LAKES. 


The investigation of the quality of the waters of the Great Lakes, 
begun by the United States Geological Survey about nine months 
ago, has reached a point where interesting results are available. 

The object of the work was to determine the quality of the waters 
carried by the Great Lakes and the changes that take place in their 
mineral contents between the head of Lake Superior and St. Lawrence 
River. For this purpose samples of water were collected from each 
of the lakes at regular intervals and shipped to the laboratory of the 
survey at Washington, D. C., for mineral analysis. Lake Superior was 
sampled at Sault Ste. Marie, Lake Huron at Port Huron, and Lake 
Michigan from the Straits of Mackinac near St. Ignace, Lake Erie 
at Buffalo. The series was completed by the collection of samples 
from St. Lawrence River below Lake Ontario near Ogdensburg, N. Y. 
The stations were all located at or very near the outlets of the lakes, 
so that the samples taken would be influenced as little as possible by 
local surface drainage. The ideal positions for the stations would 
have been, of course, in the middle of the lakes, but for obvious rea- 
sons samples could not be taken at such places. 

The analyses show thut the waters hold in solution varying quan- 
tities of calcium and magnesium compounds, which, from their tendency 
to form scale or incrustations on boilers, are called incrustants. 
Named in the order of the total content of incrustants, beginning with 
the lowest, the lakes rank as follows: Superior, Huron, Michigaa, 
Ontario, and Erie. The waters of Lake Michigan and Lake Huron 
are nearly identical in quality, and the same may be said of those 
of Lakes Ontario and Erie. Lake Superior, however, carries just about 
half the amount of incrustants borne by the other lakes. 

The reason for this variation is found in the geologic formations 
that surround the lakes. The streams flowing into Lake Superior 
drain areas composed chiefly of crystalline rocks, which yield scant 
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quantities of mineral matter to waters flowing through them; the 
streams entering Lakes Michigan and Huron, on the other hand, traverse 
regions made up largely of soluble sedimentary rocks—limestones, 
sandstones, and clays—which yield to the waters comparatively large 
amounts of the calcium and magnesium compounds. The difference 
iu mineral content between Lake Huron and Lake Michigan results 
from the dilution of the water of Lake Huron by the softer water of 
Lake Superior. Lake Erie is highest in incrustants becanse it re- 
ceives ont only the waters from Lakes Michigan and Huron, but the 
drainage from immense areas of sedimentary rocks in Indiana and 
Ohio and in the province of Ontario. The waters of Lake Ontario 
are softer than those of Lake Erie because they have been diluted by 
drainage from areas of crystalline rocks in New York and the Cana- 
dian province. The water of all the lakes is modified greatly by 
the large amount of rain and snow directly added to their surfaces, 
serving to measurably lower the proportion of mineral matter. The 
quality of the water in each lake varies but little from month to 
month; the variation is, however, measurable, and in winter the 
mineral content is higher. 

The lake water is as a rule very clear, containing practically no 
suspended matter except in times of storms, when the sand and de 
posited organic matter near the shore are stirred up by wave action. 

It has been computed that more than 29,000,000 tons of mineral mat- 
ter, chiefly calcium compounds, held invisibly in solution, are annually 
carried from Lake Erie to Lake Ontario over Niagara Falls; but, 
notwithstanding this enormous amount of dissolved material in their 
waters, the investigation proves conclusively that as long as the 
Great Lakes remain unpolluted by sewage they will afford the region 
surrounding them the best available water supply for municipal and 
industrial uses.—U. S. Geol. Survey Bul. 284. 





A SECOND NOTE ON THE SOLUTION OF THE EQUATION 
a 4 b 

x Pd 

By M. O. Tripp, 


c for x =~ y= o. 


College of the City of New York. 


In the November number of this journal, Professor Miller wrote in 
defense of one elementary algebra in not including (0, 0) as a solution 
of one given equation. As to whether (0, 0) shall be considered a 
solution, depends upon the point of view an author takes. If he con- 
1 


siders “ or what is the same thing as having a meaning, viz.; 
0 
infinity, then he cannot consistently exclude (0, 0) as a solution. 


Such quotations as the following from well-known algebras show the 


prevailing attitude with regard to the meaning of Ps 
Oo 


Chrystal’s Algebra, Part I, page 322: 

















SOLUTION OF AN BQUATION 


will certainly = © ifP — O, Q= 0." 


Q 
Fine’s College Algebra, page 226: 


oO oO 





a 4 e,° i 9 
© writing “ = ©,’ 
o 


Beman and Smith’s Academic Algebra, page 133: 


” 


soupy : 1 . a > 
We therefore assign to ~, and in general “ when a 7 o the ‘value’ 
n\ 


“The form “. This form should be interpreted to mean an expres- 


oO 
sioh whose absolute value is infinite. 


The meaning of multiplication and division by zero is carefully stated 
in Well’s College Algebra, page 118, note: “It must be clearly under- 


stood that no literal meaning can be attached to such results as 


a _ S «as 
=0,@2@Xo=>0,cor — D; 
Oo 


for there can be no such thing as multiplication or division when the 


multiplier or divisor is 0 or o.’ 
Since these representative authors with a host of followers 


given a meaning to 1 


' oO 


have 


, they must either change their texts or else, 


as the texts now stand, must accept the above solution if they would 


be consistent. 


No tribunal of eminent authority has yet denied that it is sometimes 


0 


' of advantage to assign a yalue to .. Certainly this is the case in the 


. 
above equation where it enables us to obtain a value of y corresponding 
to « = 0. and furthermore makes it possible to explain the presence 


b 
y 
fractions. 


seems to be in accordance with the best usage. 





of the solution (0, 0) when the equation “ 4, =  c is cleared of 
x 


In the October number of this journal under this discussion the 
solution above cited was explained from the standpoint of limits, which 


We cannot afford to disregard so eminent an authority as Burkhardt, 
who makes clear on page 29 in the second part of Volume I, second 
edition, of his “Funktionentheoretische Vorlesungen,” a view which is 


of service in this case. In discussing transformation by reciprocal radii 


he explains that 2’ = 1 is not defined for z = 0 and, in consequence, 


the zero point is an exceptional point of the z plane. He then goes 
on to state that in mathematics we are accustomed to remove such 


exceptions by new conventions; and this he does as follows: “Besides 
the compler numbers and their symbols already introduced we intro- 
Me} F duce a new one, infinity, with the symbol «©, which is to be consid- 


ered as the result of the division l ” 
0 


Oo 


of the solution (0, 0). 


eee 


Such a statement is sufficient ground for the view our authors have 


taken with regard to the meaning of 1 and warrants their acceptance 
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DEPARTMENT OF SCIENCE QUESTIONS. 
FRANKLIN T., JONES, 
University School, Cleveland, O. 


This department is designed to serve as a medium for the exchange 
of ideas on questions and questioning in the sciences. Questions will 
be printed from various sources—college entrance examinations, tezt- 
books, etc., etc. Comment is invited. Suggestions and criticisms as to 
character, adaptability, and usefulness are desired. Readers of this 
journal are invited to propose questions and problems which will be of 
general interest, or of a type which will be useful in the class room, 
It is not expected that questions which will not be useful to pupils will 
be frequently printed. 

Since the majority of the questions will be of a comparatively simple 
character, solutions and answers will not be published unless specif- 
ically asked for. Teaching suggestions are wanted. 

Address all communications to the editor of the department. 


In a previous issue of ScHooL ScieNcE AND MATHEMATICS the following 
question was printed: 

Why does the water in hot-water pipes freeze sooner than that in 
the cold-water pipes, both being at the same temperature? 

The answer to the above question is—that the dissolved air has 
been expelled from the hot water and so its freezing point is higher 
than the cold water which still carries dissolved air. Formerly all 
water for artificial ice was distilled. Now this expensive process is 
being done away with and mechanical processes are being substituted 
to expel the air. 

Some time ago this question was printed— 

To what height would a person have to rise above the earth’s surface 
to observe its revolutions, providing it was possible to remain stationary 
and to see so far? 

No answers were received. Will the proposer of the question and 
others send in answers? 

Answers to this question proposed by Earle A. Childs, Grafton, Mass., 
are requested— 

One gram, subject only to inertia, is acted upon by a force equal to 
one dyne until it has been moved one centimeter. Ten grams, subject 
only to inertia, is acted upon by a force equal to one dyne, until it 
has been moved one centimeter. Is the work the same in each case 
and, if so, how? 








Se 
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EXAMINATION FOR ADMISSION TO THE BOSTON NORMAL 
SCHOOL, JUNE, 1907. 


Chemistry. 
Answer the first four questions and any three of the remaining six. 


1. Write equations for the preparation of oxygen, chlorine, sulphuric 
acid, and ammonia. 

2. What are the physical differences between cast iron, wrought 
iron, and steel? What are the chemical differences? Why should 
Pittsburg be the center of the steel industry? 

3. How many cubic feet of oxygen will be required to burn one 
pint (844 grams) of kerosene? N. T. P. Assume the formula to be 
C,H... 1 liter equals 61 cubic inches; C—=12, H=1, O—16. 

4. Define atom, compound, acid, oxidation. What property is illus- 
trated by the tendency of common salt to become moist in summer? 

5. Explain the presence of carbon dioxide in air and why the amount 
remains practically constant under normal conditions. 

6. Why is Avogadro’s Hypothesis necessary in proving a molecule of 
hydrogen contains at least two atoms? 

7. What is the difference between coal gas and water gas? Explain 
how the drafts of a coal stove are constructed to utilize the gas given off. 

8. How are the processes of fermentation utilized in bread and 
cheese making? 

9. What is the theory of electrolytic dissociation? TWlustrate using 
at least two different solutions. 

10. How is the law of definite proportions illustrated in the making 
of a baking powder? 

The editor is requested to print this list with a request for criticisms. 
“Can anyone outline a course for one year that would cover the ground 
of such examinations?” 

The editor will do the unusual thing by making a comment on this 
list in advance of responses. He can see little evidence that this is an 
examination in chemistry. The questions call for only a remote acquaint- 
ance with chemical] phenomena, It will be interesting to hear the grounds 
on which the giving of such questions can be defended, and it is to 
be hoped that those who approve of such lists will give their reasons 
in full. The editor believes that such examinations are to be dis- 
couraged and even abolished unless questions that call for a knowledge 
of real chemistry are to be used. He will be very glad to publish both 
sides of this matter. 

Please send in examination papers. 
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DEPARTMENT OF ZOOLOGY. 
ANNOUNCEMENTS. 


We are extremely fortunate in prevailing upon Dr, H. R. Linville of 
the Dewitt Clinton High School, New York City, to take charge of this 
department by becoming its editor. We hope that all persons interested 
in zodlogy will send to him new papers and items of interest.—Eb. 


The new editor of the department foresees much difficulty in keeping 
separate the discussion of matters that fall within the province of 
zodlogy from those that apply to botany, since the problems that con- 
cern both zoélogists and botanists are biological in their relation. 
But rather than miss the opportunity of bringing before the teaching 
public the questions that are of vital importance to the youth of the 
country, the department editor proposes that there be no preserves, and 
that every one interested traverses territory with impunity. 

Teachers of zojlogy who are new to their work probably feel most 
urgently the need of some help in suggestions of how to do things. 
Questions of what types of animals are useful, and how to handle them 
to get results, and suggestions of devices of one kind or another, make 
concrete appeal to the young teacher, and keep him interested. But 
if he is a thinking person, there comes a time when the stimulus he 
got from his college environment begins to grow stale. Doubts arise 
in his mind, and he wonders whether his preconceived or borrowed 
notions of presentation, or of the relation of his subject to the minds 
of his pupils, are just what they ought to be. Then he feels the need 
of new, invigorating ideas. 

To the student of scientific pedagogy there should be much hope in 
the fact that the evolution of ideas of teaching biological nature-study 
and secondary school biology, is just now in a highly dynamic state. 
Never before has there been so much intelligent study and discussion 
of the great question of the adjustment of science teaching to child- 
capacity. The problem becomes more clear as a result of the pro- 
gressive analysis of the factors involved. The immediate solution of 
the problem for biology appears impossible until the relative usefulness 
of all subjects, especially all sciences, has been fully considered. When 
teachers take up the discussion of the usefulness of chemistry, physics, 
biology and physiography not as specialists, but as observers of human 
life and as thinkers, they are bound to rate special interests or con 
venience as subservient. And given some conception of the ideal good 
of all learners, there is sure to follow from broad discussion a positive 
gain to education. 

There is need of discussion on the question of the place of biology in 
the high school course, considered in its relation to elementary school 
nature-study, and to the other high school sciences. Such questions 
as these must be considered: Is it possible to have a progressive 
science course continuing through the four years? What are the 
logical grounds for such an arrangement? Is a course based on the 
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logical relation of the sciences inconsistent with the “best interests of 
the child”? Why? Is a course in high school biology justifiable on in- 
formational grounds? Can there he framed a course in scientific biology 
which shall include naturally some consideration of “human relations”? 
How? ‘These questions cover a considerable range, but all must be 
given ultimate attention, and in some relation with one another. 

The department editor invites teachers to put their ideas into form, 
and to send in five-hundred to one-thousand word communications for 
publication in the next and following numbers of this magazine. Get 
your ideas into circulation; they will help others! 





COLUMBIA UNIVERSITY LECTURES ON SCIENCE, PHILOS- 
OPHY AND ART. 


LECTURE ON BioLocy, By Proressor EpMuUND B. WILSON, 
WEDNESDAY, NOVEMBER 20, 1907. 


The term “Biology” is not the name of a science, but comprebends 
many sciences, all of which have in common the fact that they deal 
with living things. The motive of the Biologist may be either that it 
is made worth his while, in a commercial sense, to devote himself to 
the work, or that he likes it, is interested in it. Only the latter 
motive is likely to bring valuable or satisfactory results. The method 
of Biology is the method of Science in general, namely, the method of 
observation, experiment and analysis of complex phenomena into simpler 
factors. The aim of Biology is to discover as much as may be about 
the structure and workings of existing organisms, and about the 
historical or genetic processes by which organisms have come to be 
what they are. The fundamental problem in both directions is that 
of adjustment or adaptation: “How are the phenomena of life related 
to those of the non-living world?” 

Both sides of the problem (that is, the morphologic-physiologic and 
the genetic) have been approached from two different points of view. 
On the one hand the attempt has been made to restate the phenomena 
of life in terms of physical and chemical processes; on the other hand 
is the attempts to “explain” on the assumption of a specific “vital 
principle.” 

The history of Biology from the time of Descartes and more es- 
pecially the history of physiology in the last decade, has been a process 
of restricting the idea of “vital forces” until there is almost no place 
left for it. The whole life of the organism is the sum total of the 
chemical and physical operations that go on with it, or, as Verworn 
puts it, “The life process consists in the metabolism of proteins.” 
Nevertheless it must be admitted that the mechanistic view has not yet 
answered the question, “Why has the organism a stomach?” or any 
question of adaptation: it cannot account for the purposefulness of 
structures and functions. Spencer defined life as Adjustment, and this 
is perhaps the most comprehensive definition. Brooks said that the 
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essence of life is not Protoplasm, but Purpose. It is the complexity 
and universality of adjustive responses characterizing living phenomena 
that make their scientific, that is, mechanistic analyses so difficult. 
But we should not for this reason repudiate the scientific method and 
accept as “explanations” such statements as, “The elephant has a trunk 
because it is his nature to have one,” or, “because he needs one.” 

Work based on the mechanistic hypothesis has yielded results of 
great value in the past, though they have not solved any ultimate prob- 
lems. The vitalistic hypothesis is relatively sterile. As a matter of 
faith, one may accept vitalism in some form, that is, the theory that the 
organism is something more than a mechanism operating according to 
the same laws as obtain in physical and chemical processes. But as 
a working hypothesis in Biology the mechanistic view leads to constant 
progress while the vitalistic view is an obstacle to progress. It is 
more reasonable and more profitable to acknowledge at times that we 
do -not understand, than to resort to “entelechies” or “psychoids,” or 
other mystic terms. 

Evolution is accepted as a fact; the problem in genetic biology is to 
find the true operating causes of change in species, the origin of the fit, 
the mechanics of adaptation. Lamarckian and Darwinian hypotheses 
with various modifications have yielded much valuable material but 
have not solved the problem. Lamarckianism is at best not proven, 
and Darwinism resolves itself into “a series of lucky accidents.” The 
assumption of “design” leads no whither. Orthogenesis is still to be 
tested. There are probably factors of evolution that are still unknown. 
Life and evolution of life are natural phenomena: we must study 
them by the same methods as are employed in the study of other 
natural phenomena. The student must strive toward the truth; if 
we get not the whole truth we must not give up the task as insoluble, 
but we must still strive on. B. C. Gruenberg, 

DeWitt Clinton High School, New York. 


ANOTHER THERMOMETRIC CONVERSION. 


Mr. J. H. Aiken of Saratoga Springs, N. Y., sends us this method 
of thermometric conversion. Although it is not new we give it here for 
what it is worth. Probably there are some who are not familiar with 
this particular method. 

9C = 5(F — 82) or 
9C = 5F — 160 
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VANADIUM AND ITS MANY USES. 


An account of the occurrence and uses of vanadium, especially in its 
application to steel making. 


By J. Forest Lewis. 


A metal of comparatively recent discovery that is rapidly assuming 
scientific and commercial value, is vanadium. While discovered a little 
over a half-century ago, when it was classed as a rare metal, it is only 
within the last few years that its possibilities have become realized. 
and experiments have been taken up and are now in progress that 
may, in the near future, prove this metal one of many valuable qualities. 

Sefstrom, a Swedish scientist, is given the credit for the original 
discovery of vanadium, which took place while he was analyzing an 
iron in Taberg, Sweden. After Sefstrom, Berzelius, in making an 
exhaustive investigation, came to the conclusion that vanadium was 
analagous to chromium, forming, like the latter, an acid trioxide. 

The early history of vanadium is concerned chiefly with experiments 
and theoretical deductions, no attempt being made, it would seem, to 
put it to worldly or commercial usage until a few years ago, when its 
adaptability to steel manufacture was demonstrated, and, like molyb- 
denum, uranium and tungsten, it has since been the object of careful! 
study, with every effort made to determine its possibilities. While 
all these metals have proved to be the possessors of steel-hardeninge 
properties, all present an opportunity for further study with respect 
to their relative advantages, as to what each is specially valuable for, 
their cost of production and economy in application, compared to nicke) 
and chromium. There is an increasing demand for these metals for 
use in the manufacture of ferro alloys, such as ferro-uranium and ferro- 
vanadium, and also for the manufacture of salts of these metals. 

Many special advantages are claimed for vanadium in the process of 
steel hardening, as a result of late progresss made in establishing its 
qualifications. Vanadium steel is one of the latest productions; and 
while there may be much to determine as to its qualities, it is con- 
sidered now one of the highest grades of steel turned out. The specific 
gravity of pure vanadium is 5.5; its atomic weight is 51.2, and its 
melting point is 3,640° F. Pure vanadium is of a silvery white color, 
but the expense of purification prohibits its use commercially. 

Geologists and chemists have determined the occurrence of vanadium 
in vanadinite, a mineral containing a high percentage of lead, vanadic 
oxide in varying percentages, and some silver, with iron and silica as 
other ingredients. This mineral] was first obtained in Spain, but deposits 
are now known to exist in Arizona, where it is said a process has beer 
perfected for the extraction of vanadium oxide. It also occurs in the 
vanadiferous sandstones of Colorado, and in the vanadiferous deposits 
of South America. Extensive development work has taken place on 
the deposits on La Salle Creek, southwest of Paradox, in Montrose 
county of this state, while the vanadium mill now in. operation at 
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Newmire, near Telluride, is turning out an exceptionally fine product, 
which finds its way to Paris, France, where steel manufacturers are 
finding it a most useful, economical, and satisfactory factor and have 
recently concluded contracts with the Colorado producer for many tons. 

As an alloy of steel, vanadium is said to create a product of very 
high tensile strength, capable of standing the most severe tests. The 
high point at which it fuses prohibits its direct use in steel, but an 
iron alloy contaning from thirty to forty per cent of vanadium fusing 
at a much lower point than ordinary steel, enables steel makers to 
produce an open hearth product. The proportionate amount of this 
alloy required, as compared to other steel-hardening substances, is quite 
small, and in this instance, the cost of its use is considerably below 
that of others, while the ease with which fusion is brought about, of 
course eliminates the necessity of much of the machinery in use where 
other alloys are used. The time required for fusion is reduced, and 
many details are disposed of that lessen expense, the vanadium readily 
permeating the steel without recourse to mixing processes. 

There are said to be extensive deposits of mineral throughout the 
world with a vanadium content; and while chemists have for some 
time vaguely realized its possibilities, there has been some difficulty in 
securing a market and in arriving at satisfactory methods for extraction, 

American steel manufacturers, while noticeably interested in this 
metal, have not undertaken to install new steel manufacturing equip- 
ment, such as the use of the metal in their work requires, for although 
cognizant of its advantages, they have expressed some fear as to the 
maintenance of supply. However, it is stated that they have not 
overlooked the important matter of obtaining control of areas con- 
taining the metal, and constant investigation is being carried on with 
respect to determining various sources and supplies, and indications 
point to the adoption on their part of methods already introduced by 
European competitors, particularly those of France. The greater part 
of the vanadium product of both North and South America is being 
exported. 

The United States government is manifesting much interest of late 
in vanadium, and vanadium steel is the latest naval experiment, the 
various naval yards and gun ships having taken steps to ascertain the 
pecullar qualities of this new alloy. The experiments being conducted 
are watched with keen interest. The claims advanced to the effect that 
it is the toughest and hardest of steels and that it can be wrought 
out under hammer and in rolls like soft Swedish iron, are of particular 
moment to the Navy Department, because of the possible perfection 
and the evident minimum of economy. So far, it is said than an alloy 
has been produced so hard that no ordinary tool may touch it, and it 
is hinted that a most superior article for armor plate has been found, 
though some defects are present, requiring further study and improve- 
ment. It is also stated that the government has been promised an 
abundant supply at low figures. 

Some chemists and steel makers say it is liable to supersede nickel, 
tungsten and molybdenum steels.—Ores and Metals. 
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BIRD STUDIES.* 


By Lynps JONES, OBERLIN COLLEGE. 


The study of birds ought to begin in the winter because at that time 
the birds are fewer in the number of species represented and because 
at that time it is possible so to gain their confidence by providing food 
for them that they may be closely approached. Children should be 
urged to fasten food to trees or to construct food boxes and place them 
where the birds can reach them. This practice of feeding the birds 
and watching them at their meals will be certain to draw the interest 
of other members of the observer's family. 

Having learned to recognize the dozen or more species which have 
come to feed at the “lunch counter,” the child is far better prepared to 


“pursue the study of birds during the exciting spring migrations without 


the danger of becoming discouraged because he cannot learn many of 
the great host whch passes before him in the spring. 

The making of notes may well be deferred until the interest has 
become a habit and the pupil shows a disposition to preserve on paper 
some of the facts which his study will bring to light. Notes on the 
first appearance of species during the northward movement, the in- 
crease in number of individuals, and the final disappearance of migra- 
tory species will prove of value for the next season’s work, and should 
not prove onerous, 

As the season advances the child should be encouraged to watch the 
birds in their home life, trying to learn about nest building, egg laying, 
incubation, care of young and their rate of growth, the kind and 
amount of food eaten, and the relation of the birds at this time to the 
economic interests of the garden, orchard, and field. These studies 
should not be forced upon the beginner but should be suggested as 
interesting lines of work. ‘He should always be encouraged to talk 
over his observations with his teacher or some other older person and 
thus helped to right conclusions, 

If you as teacher do not know how to answer some of his questions, 
say so frankly, but encourage him to work out the answer for himself. 
I+ is a crime against the child and yourself to pretend you know when 
you do not. 

The teacher must not forget that birds are but a small part of the 
child’s natural environs, and that any serious study of the birds is 
sure to involve studies of greater or lesser intensity of other natural 
objects, because the life of every bird involves these other things. Nor 
should the teacher forget that a study of the birds may, and often 
should develop in the child, as he matures, a thirst for research either 
within or without the realms of ornithology. The teacher cannot 
afford to regard the study of birds as an end: in itself whatever the 
child may think about it. 


*Abstract of a discussion presented before the Biology Section of the C. A. S. and M. T. 
at St. Louis, November 29, 1907. 
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PERSONAL NOTES. 
Miss Elnora Richardson, formerly of Elgin, Minn., has charge of the 
mathematics and history in the Evanston Classical School, a private 


school for girls in Evanston, Ill. 
Mr. Earl EB. Ramsey, who has been connected with the high school 
at Fort Wayne, Ind., is now principal of the high school department 


of the Bloomington, Ind., public schools. 

Mr. L. L. Everly, who has been teacher of earth science in the Wendell 
Phillips High School, Chicago, for several years, has become head 
teacher of geography in the State Normal School, Winona, Minn. 

Mr. Ellison L. Ross, who has been instructor in physics at the 
University of Nebraska, Lincoln, has received the appointment of head 
of the science department in the High School at Everett, Washington. 

Mr. J. H. Clo, who has been instructor in physics in the state college 
of Washington, Pullman, is now instructor in the same subject in the 
University of Virginia, Charlottesville. In addition to his university 
work he is working for a doctor’s degree. He expects to do graduate 
work in the University of Chicago this fall. 

Dr. Lucien M. Underwood, professor of botany in Columbia University, 
in a temporary fit of insanity, caused by financial losses, recently killed 
himself after having sought unsuccessfully to take the life of his wife 
and daughter. He had been professor of biology in Syracuse University, 
Depauw University, Alabama Polytechnic, going from this last named 
school to Columbia University. 


ARTICLES FROM CURRENT MAGAZINES. 


American Wire Rope News for October: “The Plunger Elevator,” a 
description of a plunger which goes into the ground 275 feet. 

Astrophysical Journal for November: “Spectrographic Observations of the 
Rotation of the Sun,” by Walter S. Adams; “An Absolute Scale of Pho- 
tographic Magnitudes of Stars,” by J. A. Parkhust and F. C. Jordan. 

Forest and Stream for December 7: “Diary of a Whaling Cruise,” by 
Victor Slocum. 

Literary Digest for November 23: “Skidding the Automobile’s Safety- 
valve ;” “Traffic Regulation in City Squares;” “Electric Sunburn;” “Auto- 
mobile Damage to Roads;” “Cost of Patents;” “The Case Against the 
Kea ;” “South American Railroad Development ;” “A New Way to Index 
Portraits.” For November 30: “How Wireless Telegraphy Works;” 
“Swamp Drainage by Bore-holes;”’ “Compressed Air to Raise Sunken 
Ships;:” “Has the Skyscraper a Limit?’ “A ‘Poison-squad’ for Soda- 
water;” “High Explosives for Sky Sailing;” “History of ‘Diabolo;’ “The 
Largest Strong Box.” 

Monthly Weather Review: “Study of Frost and Ice Crystals,” W. A. 
Bentley; “Catlein Resistance of Elastic Fluids.” 

Popular Science Monthly for November: “Notes on Asiatic Museums.” 
Professor Bashford Dean; “The Place of Linnzus in the History of Sci- 
ence,” Professor Arthur O. Lovejoy; “The Problem of Age, Growth and 
Death,” Professor Charles S. Minot; “The Radioactivity of Ordinary 
Substances.” W. W. Strong; “The Influence of Diet on Endurance and 
General BPfficiency,” Professor Russell H. Chittenden; “Jean Louis Ru- 
dolphe Agassiz,” Professor Edward S. Morse; “The Origin of Slavery 
Among Ants,” Dr. William Morton Wheeler; “A Trip Around Iceland,” 
L. P. Gratacap. 

Ores and Metals for November 20: “Some Placer Deposits of British 
Columbia.” Arthur Lakes; “‘The Mineral Resources of Oklahoma,” Charles 
N. Gould; “High Sulphur Cokes as Blast Furnace Fuel,” R. Bolling: 
“The Joplin Session of the American Mining Congress.” For November 5: 
“Mining Practice in the Joplin District.” Doss Brittain: “The Manufacture 
of Portland Cement.” Richard K. Meade; “Method of Treating Ore at 
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ARTICLES IN CURRENT MAGAUINES 


Broken Hill,” Al. H. Martin; “The Concentration of Gold in the Klon- 
dike,” J. B. Tyrrell. > 

Photo Era for December: “How to Color Photographs,” B. I. Barrett; 
“The Oil Pigment Process,” EO. Hoppe; “Advantages of Selective Wn- 
largement,” W. F. Zierath; “Care and Use of Lantern Slides,” EB. A. 
Waugh; “How Far to Develop,” P. M. Riley; “Photo Chemical Activity 
of Uranium Nitrate,” G. F. Parmenter. : 

Physical Review for November: “The Discharge of Electricity from 
Pointed Conductors Differing in Size,” John Zeleny; “Potentiometer In- 
stallation, Especially for High Temperature and Thermoelectric Work,” 
Walter P. White; “The Thermoelectric Behavior of Metals in Solutions 
of Their Own Salts. II. Cadmium Amalgam in a Solution of Cadmium 
Sulphate,” William D. Henderson; “Studies in Luminescence. VIII. The 
Influence of the Red and Infra-red Rays upon the Photoluminescence of 
Sidot Blende,” Edward L. Nichols and Ernest Merritt; “Some Electrical 
Properties of Silicon. I. Thermo-electric Behavior,” Frances G. Wick; 
“Condensation Nuclei Obtained from the Evaporation of Fog Particles,” C. 
Barus; “The Diurnal Variation of the Spontaneous Ionization in Air in 
Closed Metallic Vessels,” T. Frederick McKeon; “The Absorption of Hydro- 
gen by Metallic Films,” Will C. Baker; “Some Physical Properties of 
Current Bearing Matter. IV. Friction,” Paul R. Heyl. 

Popular Astronomy for December: “An Astronomical Theory of the 
Molecule and an Electronic Theory of Matter. I.,” Severinus I. Corrigan; 
“Mathematics Needed for the Study of Practical Astronomy,” W. W. Payne. 

School Review for November: “The Teaching of Botany in the High 
School,” Otis W. Caldwell. 

School World, London, for November: “Chemistry as a School Subject,” 
J. B. Cohen; “Relief Maps and Models,” John A. McMichael. 

Science for November 22: “Relation of Chemistry to Agriculture,”’ H. A. 
Webber; “Relation of Chemistry to the Industries,” William McMurtrie; 
“Chemical Research in American Universities,” Julius Stieglitz; “Teaching 
of Chemistry in State Universities,’ G. B. Frankforter; “The Contribution 
of Chemistry to Modern Life.” W. A. Noyes. For November 29: “Univer- 
sity Registration Statistics;” “Evolution as it Appears to the Paleon- 
tologist,”” H. F. Osborn. 

Scientific American Supplement, November 16: “How Fresh-Water Fish 
Care for Eggs,” Theodore Gill; “The Mechanism of the Monsoon,” Sir 
George Birdwood. 

Scientific American for November 23: “Knots in the Rings of Saturn; 
“Steamship Mauretania.” For November 30: “Electric Sunstroke;” “The 
Transit of Mercury;” “Nests and Nurseries of Insects.” For December 7: 
“Ten Years’ Development of the Battleship from the ‘Kearsarge’ to the 
‘Delaware’ ;” “The United States Naval Academy;” “Simple Explanation 
of Model Basin Methods.” 

The Auk for October, 1907: “A Lapland Longspur Tragedy,” Thomas S. 
Rosetta; | Cana Birds of Southwestern Saskatchewan,” A. C. Bent, 
liilustrated, 

The Condor for November-December: “White-throated Swifts of Capis- 
trano” (with two photos), Florence Merriam Bailey; “From Boulder to 
the Sea” (with three photos by Oluf J. Heinemann), Milton S. Ray; “A 
Colony of Tri-colored Blackbirds,” John G. Tyler; Me) of the Rosy 
Gull” (with three photos), John B. Thayer: “The Prairie Falcons of Saddle- 
back Butte” (with two photos), P. B. Peabody; “A Collecting Trip by 
Wagon to Eagle Lake, Sierra Nevada Mountains,” Harry H. Sheldon; “A 
New Breeding Bird for Colorado: The Cassin Sparrow (Peucewa cassini) 
Nesting Near Denver” (with two photos), L. J. Hersey aud R. B. Rock- 
well; “Some Birds of Southwest Colorado” (concluded), M. French Gil- 
man; “Summer Notes from an Arizona Camp,” Austin Paul Smith. 

_The Mining World for December 7: “Zinc Oxide: Its Properties and 
Uses,” W. G. Scott; “The Black Sands of the Pacific Coast,’ David T. Day. 

Technical World for December: “Where Courage is Capital,” H. G. 
Hunting; “Top of the Continent,” Aubrey Fullerton; “To Sink a Ready 
Made Tunnel,” Frederick M. Caldwell; “Setting Sunlight to Work,” Fred- 
eric Blount Warren; “Bicycling in the Air,” C. M. Deardurf; “How High 
Can We Climb?” W. G. Fitz-Gerald; “By Motor to the South Pole,” 
William George; “Teleposting Against Time,” E. F. Stearns; “To Abolish 
Cape Hatteras,” C. H. Claudy; “Steam’s New Rival Wins,” James Cooke 
Mills; “We're on the Verge of Flying,” H. G. Hunting; “Tunnel Helps 
_— Seat," Wm. T. Walsh; “Science and the Orange,” William 

tewart. 

The Navy for November: “The Battle Fleet’s Cruise to the Pacific,” il- 
lustrated. 
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REPORT OF THE MEETING OF THE CENTRAL ASSOCIATION 
OF SCIENCE AND MATHEMATICS TEACHERS. 


The seventh meeting of this Association was held at the McKinley 
High School Building in St. Louis, Mo., Friday and Saturday, Novem- 
ber 29 and 30. The first general session was called to order by Presi- 
dent Comstock at 10 a. m. in the auditorium. The girls’ glee club of 
the school rendered some very excellent singing which was highly ap- 
preciated. The president of the St. Louis board of education, Dr. Frank 
L. Magoon, in a splendid address welcomed the Association to the city. 
General announcements were made, committees on nominations, resolu- 
tions, and auditing were appointed. 

The first general speaker of the morning, Professor Florian Cajori of 
Colorado College, was then introduced. He spoke on the “Lessons 
Drawn, from the History of Science.” This paper will be printed in 
full in a future number of this journal. Director S. W. Stratton of the 
Bureau of Standards, Washington, D. C., was the next speaker, who 
spoke on the “Work of the Bureau of Standards.” This was a most 
interesting paper, telling what the Bureau is doing and how it is 
benefiting the cause of science. The meeting then adjourned for 
luncheon, which was served in the lunch room of the building by pupils 
of the school. 

The afternoon was devoted to conferences in the subjects of Biology, 
Earth Science, Chemistry and Physics, and Mathematics. These con- 
ferences were well attended, much spirit and energy being thrown into 
the discussions. The papers read were suggestive and helpful. The 
interval between the adjournment of the section meetings and dinner 
was devoted to a profitable socia] and informal reception in the cor- 
ridors of the building. This phase of the convention was participated 
in by all, and while shop was not talked about very much, members 
came into closer touch with each other and thus received inspiration 
for their work which cannot be obtained by those who seldom or never 
attend meetings of this character. After this reception a fine dinner 
was served for 50 cents per plate to about 200 people in the lunch 
room of the school. At eight o’clock in the auditorium, Professor Calvin 
M. Woodard of Washington University gave his illustrated lecture on 
the “Evolution of the Bridge,” showing the various phases of bridge 
building from the early pontoon to the modern cantilever. He went to 
considerable length in explaining some of the details in the construction 
of the famous St. Louis Eads Bridge. 

Friday morning at 8:30 a genera] business meeting was held, at 
which reports of various committees were presented. The Treasurer’s 
report was presented by Mr. S. A. Douglass; the auditing committee 
reported it correct. It will be published in full in the February issue. 
The election of officers for the ensuing year resulted in the election 
for President of Franklin T. Jones, registrar University School, Cleve- 
land, Ohio; Secretary-Treasurer, Willis E. Tower, Englewood High 
School, Chicago; Assistant Secretary-Treasurer, S. <A. Douglass, 
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Central High School, St. Louis. The selection of a place for the 
next meetng was left in the hands of the executive committee. 
Invitations were received from Springfield, Ill., Kansas City, Mo., 
Joliet, Ull., Milwaukee, Wis., Indianapolis, Ind., and Chicago, III. 
Section meetings, in all departments, occupied the remainder of 
the time Satruday morning. Luncheon was again served by the 
pupils of the school. Saturday afternoon was devoted to excursions 
to points of interest to the many members. The Biology section 
visited the Missouri Botanical Gardens, the Physics and Chemistry 
section divided itself into two parties, one of which visited the 
Physics department of the Washington University, where Professor 
Nipher explained some of the investigations he was carrying out; the 
other visited the storage battery plant of the United Railways at 
Kighteenth and Locust Streets, and the Postal Telegraph offices, to see 
the construction and operation of the “Rowland octoplex,” which sends 
eight messages over one wire at the same time. The Earth Science 
section made an excursion under the guidance of G. M. Holferty of 
the Central High to the bluff and flood plain of the Mississippi River 
in South St. Louis, and then to the limestone quarries, the St. Louis 
blast furnaces, and the Edgar zine works. 

Saturday evening the annual banquet of the Shaw Botanical Gardens 
was given in honor of the male members of the Central Association 
and the southwestern section of the American Mathematical Society 
at the Southern Hotel. Covers were laid for over 200. This was a 
most enjoyable affair. The floral decorations were magnificent, being 
furnished by the gardens. Bishop Daniel 8S. Tuttle of Missouri acted 
as toastmaster. Toasts were responded to by Prof. C. A. Waldo of 
Indiana University, Prof. Calvin M. Woodward of Washington Uni- 
versity, Prof. H. BE. Slaught of University of Chicago, Prof. E. R. Hed- 
rick of the University of Missouri, and Mr. Cyrus P. Walbridge of 
St. Louis. 

The members of the Association were much impressed with the new — 
McKinley High School Building, which was given a thorough inspection. 

Among the interesting features of the convention was the large 
exhibit of apparatus by the McIntosh Stereopticon Co., C. H. Stoelting 
Co., and Central Scientific Co. One splendid feature of the gathering 
was that all of its various functions were held in one building, thus 
saving time and making it extremely easy to find any department. 

A reception was tendered the lady members of the Association at 
the Washington University by members of its faculty. 

The Association passed resolutions thanking the Board of Education 
of St. Louis for courtesies extended, the teachers of the city high 
schools for the complete manner in which the convention was held and 
for their assistance in making this meeting one of the most helpful 
in the history of the Association, 

Reports of the section meetings will be given separately. Ss. 
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REPORT OF THE MATHEMATICS SECTION OF CENTRAL 
ASSOCIATION OF SCIENCE AND MATHEMATICS 
TEACHERS. 


The meeting was opened Friday, November 29, by the chairman, Dr. 
H. E. Slaught of Chicago. The topic for discussion was the report of 
the committee on algebra in the secondary schools. This report was 
printed in the November number of ScHoot ScrieENCE AND MATHEMATICS. 

Mr. Charles Ammerman of St. Louis, chairman of the committee, 
presented the report. He said that the report was the outcome of a 
general desire for better results from the majority of the pupils who 
take mathematics. At present, phases of the subject are presented 
which are not witlfin the grasp of the pupil. The question of reform 
is a question of adaptation of the subject mattér to the pupil. This is 
to be accomplished (1) by a division of the work in high school algebra 
into two parts, a first year course and a later course, (2) by a re- 
arrangement of first year work with the solution of problems by means 
of the equation as the determining idea, (3) by the omission from 
first year work of those topics which bear no direct relation to this 
idea, and (4) by the character and arrangement of the problems in- 
troduced. By these means first year work is to be freed quite largely 
from the abstract, the concrete is to precede the abstract, and emphasis 
is thrown on essentials. 

The formal discussion was opened by Prof. Cajori of Colorado. He 
agrees substantially with the report, the main features of which are 
(1) less formal work, (2) more problem work, (3) correlation between 
arithmetic, algebra, geometry, and physics. History shows that there 
is nothing new in the report and that the present movement is a re- 
action against excessive formalism. It is necessary to think clearly 
and choose wisely therefore in order to properly blend the best that 
the past offers and to avoid extremes. Multiplication and division, and 
radicals and exponents should be made to play into each other rather 
than taught together. 

Prof. Hedrick of Missouri also recommends caution especially in the 
introduction of graphs and in the order of topics. The criteria for the 
selection and omission of topics are (1) beauty of the subject, (2) the 
interest of the pupil, (3) practical usefulness, (4) true discipline. 
True discipline is not obtained by introducing work for the mere object 
of keeping the pupil busy, as for example H. C. D. by division. Many 
of the topics marked in the report to be emitted from first year, should 
be left out of the high school entirely. Problems to be real should 
be such as might conceivably arise in life. This principle would 
eliminate many problems now given. Emphasis should be thrown upon 
‘the importance of fractions and their application to ratio and pro- 
portion. Work in fractions should be simplified as is necessary on 
account of omission of H. C. D. by division. A proportion may be 
defined by the equation « = ky when « and y are two varying numbers 
with a constant quotient. 
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Mr. W. W. Hart of Indianapolis said that the order of topics given 
in the report suggests an effort after unity with the equation as the 
core, and the recognition of two mental laws, the law of repetition 
and the law of association of ideas. It might be desirable to define 
the word practical as applied to problems. It certainly excludes puzzles 
and includes all problems which are really worth while. Type forms 
in multiplication give interesting short cuts in arithmetic which show 
one use for algebra. Many of the laws from mensuration, physics, and 
engineering that can be used in algebra must be developed by the 
teacher in the class room. Whether or not this should be done depends 
upon the law in question and upon the previous training of the class. 
The properties of proportions are best taught in connection with pro- 
portion in geometry. 

A general discussion followed. The following points were frequently 
made: (1) Mathematics should be taught rather than algebra and 
geometry in water-tight compartments; (2) There is need of caution in 
the introduction of problems from physics; (8) Geometry is best 
taught in the second year, between the divisions of algebra work as 
suggested in the report. 

The general discussion is reported below: 

Dr. G. B. Halsted, Greeley, Colo.: Multiplication and division should 
be taught separately. Division is not always the inverse of multiplica- 
tion, for example, remainder division. Fractions should be taught early. 
Geometry is neither concrete nor abstract; it is rational or intuitional. 
A ratio is generally irrational; therefore the word ratio should not be 
used where an ordinary fraction is meant. Define proportion by 
ay — ka where the product of two numbers is the product of two other 
numbers. 

Mr. H. E. Cobb of Chicago.: Mathematics is better than algebra and 
geometry separately. In using physics problems a reasonable explana- 
tion of the formula must be carefully thought out by teacher before 
going to class. Graphs should be used at first to solve problems, not 
to illustrate anything. See Lightgfoot, Studies in Graphic Arithmetic, 
Normal Correspondence College Press, London. Since exact measure- 
ment is impossible, results should not be accepted which represent 
impossibilities. 

Mr. C. W. Newhall, Faribault, Minn.: H. C. D. is never really 
necessary in first year algebra. As far as order of topics is concerned 
very little can generally and conveniently be done as long as it is 
necessary to use current texts. There are two determining ideas in the 
report, (1) solution of problems by means of the equation, (2) algebra 
treats of generalized number. 

Mr. C. E. Comstock, Peoria, Il.: We must expect to spend a large 
amount of time in the later course in recovery of ground lost. 
Mathematics is better than separate courses in algebra and geometry. 
The combination must be made with care, however, for the two are 
essentially different. Work involving radicals and equations should 
be introduced into the latter part of the geometry. 

Mr. G. C. Shutts, Whitewater, Wis.: Page 5 of the report, numbers 
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5 and 6 should be emphasized. The formula so developed should be 
used. This gives purpose to the work in algebra. 

Mr. Harvey, Kirksville, Mo.: No text-book should be followed 
slavishly. Laws from physics should not be proved in algebra classes. 
The work in high schoo] algebra should not be broken up into two parts. 
There is no reason why the use of the graph should be limited to linear 
Simultaneous equations, even in first year. 

Dr. H. E. Slaught of Chicago: The easier phases of algebra and 
geometry should be given in the early part of the high school course. 
Everything cannot be left for third and fourth years. 

Mr. D. 8S. Wright, Cedar Falls, Ia.: The important part of the report 
is the last section. 

Mr. Foraker of Indiana: Many assumptions are necessary and allow- 
able in use of physics problems in algebra. Pupils get more out of the 
later course in algebra when it is put after the geometry. The time 
* spent on recovery of lost ground is spent to advantage. 

Mr. Scarboro, Warrensburg State Normal School, Mo.: Do not take 
too much time for physics. 

Mr. G. W. Greenwood, Dunbar, Pa.: Pupils should be taught that 
absolute accuracy in measurements is impossible. Page 5, number 4 
of report is important. In irrational results the decimal form should 
be required. 

Mr. H. L. Terry, Madison, Wis.: We must be able to give a definite 
practical answer to the question, “What is algebra for?’ Page 5 
should be developed so as to show some concrete purpose in algebra. 

Mr. Howe, Normal. Ill.: One year of algebra is enough to require 
of pupils who do not go to college. 

Dr. H. E. Slaught drew upon blackboard the curve showing the rate 
at which anything learned is forgotten by the mind. 

Mr. I. S. Condit of Cedar Falls, Ia., indorsed the two course idea. 

Miss Mabel Sykes, Chicago: The mind is a unit and not a collection 
of faculties. Its function is to overcome difficulties by the solution of 
problems. We can train the mind as a whole but we cannot train the 
separate faculties. The order of topics suggested is the outcome of ex- 
perience, and anyone who tries it honestly will be convinced of its 
feasibility ; only do not try all of the suggested changes the first time. 
An early introduction of quadratics is a good place to begin. It was not 
intended by the committee that the properties of proportions should be 
taught to first year pupils, but simple problems involving equal ratios 
are constantly occurring in life and are perfectly practical in first year 
work. Geometry is of far more practical value than the later course 
in algebra and should therefore precede it. 

Mr. Meyers of Dixon, Ill, does not believe that changes in order 
are practical with current texts. 

Prof. Cajori called attention to the importance of notation. In ratio 
and proportion both notations are in common use. It was, therefore, 
necessary to teach both. 

Prof. Comstock prefers the fractional notation. 
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SaTurDAY MorNING. 

The topic for discussion was the preliminary report of the committee 
on geometry,* which was read at the meeting one year ago and which 
has been widely circulated since. 

Mr. G. W: Greenwood, Dunbar, Pa., chairman of the committee, 
presented the report. The additions and corrections to be made in this 
report as printed will appear in a later number of this journal. 

The formal discussion was opened by Prof. G. B. Halsted of Greeley, 
Colo. His paper discussed the following points: Geometry is an ideal 
construct, and it is never concrete; counting was essentially prior to 
measurement; all measurements are necessarily inexact. 

Prof. G. C. Shutts, Whitewater, Wis.: While the subject matter 
of geometry is not concrete, it is necessary in teaching to proceed from 
the concrete to the abstract and to keep in touch with the common 
people in terminology as far as possible. The assumptions given in 
Section 5 are not independent. There are some distinct advantages in 
teaching definitions en bloc. While it is desirable that pupils be re- 
quired to give all authorities, this can be too strenuously insisted on 
at the beginning; the pupil is likely to get lost in a maze of technicali- 
ties. Incommensurable cases should be omitted. Geometry often causes 
a pupil to lose confidence in his own power to reason; on the one hand 
he is required to give reasons for what seem to him self-evident, and 
on the other he is obliged to repeat authorities which he does not 
understand. Section 15 is to be indorsed and attention directed to 
theorems that are not true except for lines in one plane. 

Mr. C. W. Newhall, Faribault, Minn.: The course in geometry should 
be that which is of most value to the average boy and girl. We study 
geometry for its disciplinary value and because of its use and frequent 
application. What is wanted is the best in both the old and new. 
Caution should be used, lest there is too much intuition, too little 
demonstration, and too few geometrical facts learned. On the other 
hand mathematical rigor can be overdone. Geometry must be ap- 
proached from the side of pedagogy as well as logic. 

A general discussion followed. 

Mr. Grossman of St. Louis: Incommensurable cases and variables 
should be omitted. Graphs give a good idea of variables. 

Mr. H. L. Terry of Wisconsin: In the early part of the work, at 
least, figures should be drawn strictly according to the hypothesis. 

Mr. D. S. Wright of Iowa: The word circle should not be used for 
circumference as suggested in Section 4. 

Mr. W. O. Beal of Illinois: It might be well to review the beginning 
of the work with a purely deductive course, after the pupils are well 
started. Pupils can understand variables. 

Mr. Crandall of Culver Academy: A little of the history of geometry 
can be profitably introduced. 

The two following motions were adopted: 

(1) That by the adoption of this motion we express our appreciation 


*This report can be obtained from the Secretary, Mabel Sykes, 438 East 57th Street, 
Chicago, Ill. 
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of the efficient work of the committees on algebra and geometry, and 
agreeing in the main with the committees we accept their reports as 
preliminary reports and continue the committees. 

(2) That the chairman appoint a committee on secondary mathe- 
matics which shall ceéperate with the committees on algebra and 
geometry to investigate the problem of teaching mathematics rather 
than algebra and geometry; and that the report of the committee be 
published at least one month before the next regular meeting of the 
Association. 

It was decided that this committee consist of five, one of whom 
should be from the committee on algebra and another from the com- 
mittee on geometry. 

The following officers were elected for the ensuing year: 

For Chairman, Mr. J. C. Stone, Ypsilanti, Mich.; for Vice-Chairman, 
Mr. Charles Ammerman of St. Louis, Mo.; for Secretary, Miss Mabel 
Sykes of Chicago, II]. 

Mr. G. W. Greenwood was given time to reply to questions and 
criticisms. Maser Sykes, Secretary. 


BIOLOGY SECTION OF THE CENTRAL ASSOCIATION OF 
SCIENCE AND MATHEMATICS TEACHERS. 


The meetings of the Biology Section of the Association held at the 
McKinley High School, St. Louis, Nov. 29 and 30, were enthusiastic and 
well attended. About sixty were present at the session on Friday and 
over forty attended on Saturday. 

The chairman of the section, Mr. T. L. Hankinson, was present and 
presided. The nominating committee presented the names of the follow- 
ing as officers for the coming year: Chairman, Fred L. Charles, Northern 
Illinois State Normal School, DeKalb, Ills.; Vice-Chairman, John E. 
Cameron, Central High School, Kansas City; Secretary, Lynds Jones, 
Oberlin College, Oberlin, O. The persons nominated were duly elected. 

After a brief discussion of the work of the ensuing year it was sug- 
gested by Mr. Caldwell that we ought to take steps to arrive at some 
agreement as to the teaching of biology in secondary schools, thus 
making the work of the section constructive. It was therefore decided 
that the president-elect appoint a committee of three which shall report 
to the next meeting and in the meantime shall codperate with similar 
committees from other bodies which may be engaged in a study of the 
same subjects. The names of the members of this committee will be 
announced by the president later. 

The eight papers and addresses presented were heard with marked 
interest and as much discussion followed as the limits of time would 
permit. 

In Mr. T. W. Galloway’s paper on the “Pedagogical Possibilities of 
the Biological Laboratory,” emphasis was put on the following facts: 
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1. The mere fact that work is done in the laboratory amounts to 
nothing. 

2. Mere observation—the mere finding and verifying facts is not 
adequate Jaboratory work. ° 

3. The student’s personality is violated and he is robbed of the 
right of a completed mental reaction if the laboratory does not allow 
and cause him to “follow through.” He must be urged to make every 
legitimate conclusion which his observations warrant. With such a 
basis his inferences may be wrong; but wrong inferences are much 
better than arrest of reaction and of development. 

4. The normal procedure in synthetic work in the laboratory is from 
facts and qualities to objects; from objects to ideas, inferences, prin- 
ciples. The process, instead of cultivating observation alone, secures 
observation, discrimination, comparison, classification, inference, and a 
retesting of general notions by renewed observation. 

A fuller account of the paper will appear later in ScHoont Scrence 
AND MATHEMATICS. 

The “Symposium on the Teaching of Biology and Nature Study in 
Schools,” presented by Mr. B. L. Seawell, showed such a variety of 
ideals and practice among the schools that no summary will be 
attempted. It is hoped that the paper may be published. 

Methods of attracting birds for study by placing food for them 
“lunch counters”’—were explained by Mr. Lynds Jones, and the im- 
portance of beginning bird study at the time of year when the species 
are not so abundant as to discourage the beginner was emphasized. 

The claims of field ecology upon the zoélogy were forcibly put by 
Mr. C. C. Adams. It is important that the pupil gain his knowledge 
at first hand and from animals studied as living things in their natural 
environment. Laboratory work should so far as possible be done upon 
material which the pupil has himself collected. Preservation of these 
collections will soon build up a valuable reference collection for the 
pupil or for the school. The teacher must be thoroughly familiar with 
the collecting ground and with the fauna of the region. 

“Luther Burbank’s Work and its Relation to Botanical Science” was 
the subject of a brief paper by Mr. I. N. Mitchell. So much has been 
written by the fakirs that, even with scientists, there is a great deal 
of prejudice against Mr. Burbank and his work. This work, however, 
meets with the highest respect from those pure scientists who are 
best acquainted with it. Dr. Woodward, Prof. Vernon L. Kellogg, 
Hugo DeVries, Prof. L. H. Bailey, and others were quoted specifically as 
showing the high regard in which Mr. Burbank and his work are held. 
Following the paper Mr. Mitchell showed a number of lantern slides 
made from photographs secured directly from Mr. Burbank for the 
purpose, The slides gave a fair idea of the range of Mr. Burbank’s 
work in method and material, and a pretty definite conception of the 
vast numbers of plants of a single kind under experiment at one time. 

Mr. J. F. Abbott argued in a very lucid manner for the treatment 
of biology as a single science so far as elementary work is concerned, 
instead of separating it into botany and! zodlogy. Material should be 
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selected from either field as may best serve the purpose of illustration. 
The outline of such a course was presented, founded upon the writer’s 
experience with freshman classes in Washington University. 

“Physiology in the High School’ was discussed by Mr. H. W. Norris. 
He believes that there is great need of such instruction in safeguarding 
the health of the individual and the preservation of society. Present 
methods of presenting physiological and hygienic instruction are in- 
adequate; there is lack of appreciation of the value of the subject; 
unsatisfactory results, follow from using “indorsed” text-books; and 
teachers are poorly prepared. ‘The times demand a revolution in the 
teaching of the science, changing from the presentation of dry facts 
to the treatment of the subject as of vital interest. 

In considering “The Study of Types” Mr. N. A. Harvey made the 
point that the individual is not a type unless it stands in the mind as 
a representative of a class. The advantages of classification may be 
attained only after we have a concept of a class. Classification is funda- 
mental; no system of education is complete which does not include 
some training in its principles. We must first know what the selected 
type animal shall typify in order that we may properiy select the 
characters for study. Different types should be so related to each 
other that the comprehension of the relations will not be too difficult 
for the learner. The study of types is necessary for the economy of 
effort. Type study is of almost universal application though we have 
only recently awakened to its significance. 

At the beginning of the second session, Dr. William Trelease, Director 
of the Missouri Botanical Garden, gave an address upon the organiza 
tion and work of the Garden which proved to be a very happy intro- 
duction to the afternoon excursion to the Garden. The thanks of the 
section are due to the Director and his staff of assistants whose 
courtesy and assistance made the visit a very pleasant and profitable 
one. W. L. Erkenserry, Secretary. 





NOEF.TH DAKOTA ASSOCIATION OF SCIENCE AND 
MATHEMATICS TEACHERS. 


This Association has been organized during the past year. At the 
meeting of the State Educationa] Association in December, 1907, a 
few teachers came together in response to a call by Dr. G. W. Stewart, 
head of the Department of Physics of the State University, and 
appointed Dr. Stewart, Clyde R. Travers, Vice-Pres. and professor of 
Mathematics State Normal School at Mayville, and P. S. Berg, Supt. 
of Schools at Dickinson, a committee to effect an organization and 
arrange for a first meeting. 

The committee, with Dr. Stewart, President, Supt. Berg, Vice-Pres., 
and C. R. Travis, Sec’y and Treas., did its work arranging for the 
following program which was given in Science Hall at the State 
University, Sat. Nov. 9. 

Address of Welcome. 

Webster Merrifield, Pres. State University. 
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Response: Clyde R. Travis, State Normal, Mayville. 

“The Use of the Problem in Geometry Instruction”— 

Supt. Leroy Jackson, Larimore. 
“Euclid, or the Concrete in Geometry”— 
Prof. M. F. Chandeler, State University. 

“High School Mathematics from the Viewpoint of the Teacher of 
High School Science’— 

Supt. B. A. Dunbar, Park River. 

“The Advisability of Elliminating the Mathematical Feature of High 
School Physics’— 

Supt. C. C. Gray, Grafton. 

“Notes in Reference to Laboratory Equipment and Instruction”— 
Supt. P. T. MeMally, Mandan. 

“Vitalizing Physiography”— 
Prof. C. C. Schmidt, University. 

“Written Physics Laboratory Report, Its Importance and Best 

Form’’— 
Supt. E. R. Edwards, Minto. 
“An Elementary Scienee Course for the Ninth Grade Students’— 
Supt. N. C. Macdonald, Lidgerwood. 

“The Class of Specimens to be Used in the Study of Botany in the 
High School, and How to Preserve Them”— 

Prof. Botley, State Agricultural College. 

“The Use of the Lantern in the High School”’— 

Prin, C. W. Stebbins, Gd. Forks High School. 

These papers were seven-minute papers and were such as led the 
Association to think. There was a lively discussion of several points 
raised and especially concerning the common distaste for the study 
of Physics among high school pupils. 

At this, our first meeting, the attendance was good, and the outlook 
for a strong association is good. 

A most valuable feature of the meeting was the display of apparatus 
and experiments. The apparatus was furnished by the Knott Apparatus 
Co., the Centra] Scientific Co., and the C. H. Stoelting Co. The ex- 
periments were performed by Prof. Brannon and Dr. Young in botany 
and zodlogy, and Mr. Rysgaard in physics. 

A never-to-be-forgotten feature of the occasion was the sumptuous 
luncheon given the members of the Association by the faculty of the 
University. 

The Committee on Recommendations recommended: 

“That the Association effect incorporation as the Section of Science 
and Mathematics Teachers of the North Dakota Educational Associa- 
tion, and that the time of meeting be set for the first Sat. in November 
of each year.” 

“That the membership in this section be open to all teachers of 
science and mathematics in the State and to supervisors thereof with, 
for the present, no requirements as to dues for such membership. 

“That the temporary officers of the Association be continued through 
the coming year as permanent officers, with the result that Dr. G. W. 
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Stewart of the University be continued as president; Clyde R. Travis 
of the State Normal at Mayville as secretary-treasurer; and Supt. P. 
S. Berg of Dickinson as vice-president. 

The invitation of the Agricultural College to meet with them next 
year was accepted. A vote of thanks was given to the companies 
loaning the apparatus and to the members of the University faculty 
who aided the Association so greatly in making the meeting of much 
value. 

Supt. B. A. Dunbar of Park River was appointed a delegate to the 
American Federation of Teachers of Mathematics and Natural Sciences 
which holds its next meeting in December at Chicago. 

Ciyve R. Travis, Secretary. 


THE AMERICAN FEDERATION OF TEACHERS OF THE 
MATHEMATICAL AND THE NATURAL SCIENCES. 


The second annual meeting of the American Federation of Teachers 
of the Mathematical and the Natural Sciences will be held in Chicago 
on Jan. 1, 1908, at 2 Pp. M., in room 20 of the Kent Chemical Laboratory, 
University of Chicago. The purpose of the Federation is a more unified 
and concentrated effort on the part of its members to better the teaching 
of mathematics and of the natural sciences. The membership of the 
Federation consists entirely of associations, each member being repre- 
sented by delegates at the meetings. At the last meeting, a tentative 
organization was formed by the following associations: The Association 
of Teachers of Mathematics of the Middle States and Maryland; The 
New York State Science Teachers Association; The Central Association 
of Science and Mathematics Teachers; The Association of Yeachers of 
Mathematics of New England; The Physics Teachers Association of 
Washington City; The Missouri Society of Teachers of Mathematics and 
Science; The New Jersey State Science Teachers Association. 

Since the last meeting the following associations have signified their 
intention of being represented at the coming meeting in Chicago: The 
Michigan Schoolmasters Club; The New England Association of Chemis- 
try Teachers; The New York Physics Club: The Indiana Association of 
Science and Mathematics Teachers; The Association of Ohio Teachers 
of Mathematics and Science. At this meeting on January 1, the final 
form of the organization will be decided. All organizations whose 
leading purpose is the betterment of the teaching either of mathe- 
matics or of the natural sciences are invited to send delegates to this 
meeting and thus to take part in the organization of the Federation. 
By joining this body, an association will lose in no way its individuality 

r its right to work in its own field in its own way; but it will gain an 
official means of keeping in touch with the work of the other associa- 
tions, and will receive from the Federation suggestions as to the ways 
in which all the associations may work together on their common 
problems. C. R. MANN, Secretary, 

University of Chicago. 
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A COMMUNICATION. 


EpiTror Dept. or MATHEMATICS, ScHOOL SCIENCE AND MATHEMATICS :— 

Enclosed please find two problems which might prove useful in a 
high school class room. I do not remember having seen them in any 
book or article, but it is probable they have been noticed many times 
before. 

I. 

In the series 9, 16, 144, 7056, 13046544, etc., it will be observed that 
each term is a perfect square; and that the sum of any number of 
consecutive terms beginning with the first is a perfect square. (1) 


- Find the sixth term. (2) Prove that the series may be indefinitely 


continued. (3) Show that there are an infinite number of such series. 
(The solution (1), (2), depends on the relation between the series of 
squares of consecutive whole numbers, and the series of odd numbers, 
and uses certain “arithmetical-progression” formulas.) 

IL. 

The usual method for tabulating prime numbers—as given, for 
instance, in Mr. Charles Smith’s Treatise on Algebra, page 478—re- 
quires all numbers to be written, to the extent one desires to go. 
Prove the following simplification : 


1 2 3 5 9 


‘ 
11 13 17 19 
21 23 27 29 
31 33 37 39 
41 43 47 49 
51 53 57 59 
61 63 67 69 
71 73 77 79 
81 83 87 89 
91 93 97 99 
ete. ete. ete. ete. 


Reject all even numbers except 2, and all numbers ending in 5 except 5. 
Arrange the remaining numbers in columns as above. Then proceed 
down the columns in the same manner as for consecutive numbers. 
For instance :—In any column mark the first number divisible by 3, then 
the third number from that, and soon. Then mark first number divisible 
by 7, the seventh number from that, and so on. Proceed in the same 
manner with the remaining successive prime factors, not using any 
factor exceeding the square root of the largest number in the fourth 
column. Truly yours, 

E. M. Drvu.ey. 





BOOKS RECEIVED. 

Essentials of Algebra, a complete course for secondary schools, by 
J. C. Stone, State Normal College, Ypsilanti, Mich., and J. F. Willis, 
Shortridge High School, Indianapolis, Ind. Pp. 462 + 60. 1905. 
Benj. H. Sanborn & Co., Chicago. 
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High School Algebra, by J. H. Tanner, Professor of Mathematics, 
Cornell University Pp. 346. 1907. American Book Company. 

Problems in Strength of Materials. W. K. Shepard, Yale University. 
Ginn & Co. $1.30. 

A Course in Mathematics. Wood and Bailey. Vol. I. Mass. Institute 
of Technology. Ginn & Co. 

Organic Chemistry, including certain portions of Physical Chemistry 
for Medical, Pharmaceutical, and Biological] Students with practical exer- 
cises by H. D. Hoskins and J. J. R. Macleod. Pp. 367. 1907, John 
Wiley and Sons, New York. Price, $2.00. 

Darwinism To-day. A discussion of present-day scientific criticism 


of the Darwinian Selection Theories, together with a brief account of the ° 


Principal Other Proposed Auxiliary and Alternative Theories of Species- 
Forming, by Vernon L. Kellogg. Leland Stanford, Jr., University. 
Pp. XII + 4038. 1907, Henry Holt and Company, New York. Price, 
$2.00 net. 





BOOK REVIEWS. 

Father and Baby Plays, by Emilie Poulsson, editor of the “Kindergarten 
Review” and author of “Nursery Finger Plays,” “Child Stories 
and Rhymes,” etc., etc. Fifteen original songs with music by Theresa 
H. Garrison and Charles Cornish. Illustrated by Florence EB. Storer. 
$1.25. New York: The Century Co. 

This is a novel book, and one that should appeal to every teacher, 
father, mother, and baby in the land. The book is full of rhymes with 
which the mother may beguile baby while washing and dressing him and 
help to turn his thoughts toward the joyful meeting with his father. 
There is shadow play, and finger play, and climbing play, fifteen 
delightful original songs, and much other practical entertainment in 
the little book. 

Problems in Strength of Materials, by William Kent Shepard, instructor 
in Mechanics in the Sheffield Scientific School, Yale University. 
8vo. Cloth. 70 pages. List price, $1.25; mailing price, $1.30. 
Ginn & Company, publishers, Boston. 

A collection of over five hundred practical problems in the strength 
of materials for students in all branches of engineering. 

Graded problems are given on Tension, Compression, and Shear; 
Elastic Deformation; Thin Cylinders and Spheres; Riveted Joints; 
Cantilever and Simple Beams; Overhanging, Fixed and Continuous 
Beams; Columns and Struts; Torsion; Combined Stresses; Compound 
Columns and Beams; Thick Cylinders and Guns; and Flat Plates. 

In addition to the problems a new practical discussion is given on 
the efficiency and design of riveted joints, with reference to their 
application to boiler shells. 

The solution of numerous problems by the student is a necessity for 
a complete mastery of the subject of strength of materials. The use 
of this book will relieve the instructor of the necessity of dictating 
problems in the class room, and will in other ways greatly increase the 
effectiveness of his teaching. 
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Mathematical Geography. By W. EB. Johnson, 14 Chapters, 323 pages, 
many diagrams, a glossary and useful formulas. American Book 
Company, 1907. 

The title sounds like some of the ancient texts in this division of 
geograpby, but the interesting contents supply the much needed informa- 
tion that is lacking in the modern geographical texts which deal so 
elaborately with the land forms. The main use of the book is to furnish 
some material for part of a review course in geography in the high 
school, or it would form a good introduction to a teachers’ geographical 
course in a normal schools: The book is considered too difficult for the 
early grades of the high school and in many of the smaller high 
schools it would furnish work more valuable and practical than the 
astronomy that still lingers in some of the courses. 

In reading the book a wealth of material is found, statements are 
clear, but the systematic relation of the various parts is absent. It 
would appeal more to the reader and student if the topics were treated 
in a collected chapter rather than scattered through parts of many. 
Latitude is clearly presented and the practical suggestions are good, 
but the material should be collected from pages 43, 58, 61, 172. 

Standard Time is fully discussed, the collected statistics of about 
10 pages regarding the time of various foreign countries is not useful 
in secondary classes and is unexcused padding. The Date Line chapter 
is worthy the reading of all teachers in geography as the maps and 
diagrams are very clear and the discussions apt. 

The chapter concerning the Calendar is well stated and this old 
material is placed in attractive form by addition of interesting facts. 
The treatment of map projection is rather extensive, covering over 34 
pages, while the chapter on Triangulation could profitably be enlarged 
by more of the elements of surveying. The chapter of Historical 
Sketches is excellent and constitutes good spice in geographical teaching. 
The book as a whole is excellent for a teacher’s reference as it supplies 
much original matter, the explanations are exceptionally clear, diagrams 
are full of meaning and in keeping with the general work of the book. 

W. M. Gregory. 


Introduction to Infectious and Parasitic Diseases, by Millard Langfeld. 
260 pages. P. Blakiston’s Son & Company, Philadelphia. 


The rapidly increasing body of people who are interested in problems 
of public health will welcome this book, since it is au up-to-date and 
popular presentation of certain medical problems of universal interest. 
There is given a general statement of leading facts relative to bacteri- 
ology, the nature and cause of disease, most frequent sources of in- 
fection and means of prevention. 

The predisposing causes of disease are treated under “Heredity,” 
“Environment,” and “Age,” and while presenting nothing that is es- 
pecially new to students of hygiene, the presentation is full of interest 
to the general reader. That races which have not been long exposed 
to certain diseases are more susceptible to them is evidenced by the 
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North American Indians who, it is said, have been almost exterminated 
by tuberculosis, and by negroes who are said to be three times as 
susceptible to this disease as are white men. “Generally speaking, the 
longer the contact of a race with an infectious disease, the less is its 
predisposition to it.” The biological basis of this statement is found 
in the fact that through the process of natural selection especially 
susceptible individuals are likely to be eliminated early in their his- 
tory and less susceptible ones are left to perpetuate their race. And 
furthermore in hereditary influences there is a constant tendency toward 
inheritance of whatever degree of immunity the parents possessed. 
The relative predisposing influences of different regions, climates, and 
seasons are discussed, and a table is given which shows in a limited 
way the predisposition presumed to reside in a number of leading 
occupations. 

A chapter which discusses forty-two diseases produced by animal 
parasites will help to offset the opinion held by some people to the 
effect that practically all diseases are caused by bacteria. Another 
chapter giving specific and brief statements of existing knowledge of 
the cause, localization, entry, exit, method of contraction, disinfection, 
and method of prevention of thirty-two of the most common diseases of 
known or supposed bacterial origin will prove extremely helpful, if 
It is to be hoped that this book may come into the 


generally read. 
it 


hands of a very large number of teachers and parenis, and that 
may have the opportunity of accomplishing the ends for which it is so 


well fitted. oe. wm. G. 


A Thirty-five Weeks’ Course in the Elementary Principles of Chemistry, 
by Boynton W. McFarland, C.E., Ph.D. Pp. xiv, 199. 2nd Edition. 
$1.00. The Tuttle, Morehouse & Taylor Company. New Haven, 
Conn. 1907. 


A laboratory manual is likely to be a description of a large number 
of more or less disconnected experiments from whch the teacher may 
take his choice of what appeals to him as best adapted to his own 
needs. It is refreshingly unusual to find new ideas carefully worked 
out in a thoroughly usable manner. 

The author’s preface tells the story of the book in a clear, direct 
manner. The book arose from the “necessity of obtaining practical 
results in a very limited time. The available time for the subject in 
this school (New Haven High School) consists of thirty-tive laboratory 
periods of 80 minutes each, and 70 recitation periods of 40 minutes 
each.” 

In this brief time, as the reviewer can testify after a careful test 
of MecFarland’s methods, astonishing results can be obtained. “No 
apparatus is used that need take more than one minute to put in place.” 
° * ° “The student is required to take careful original notes 
in a suitable notebook of all results obtained in the laboratory and to 
write a composition in the book on each substance studied.” 

The course is divided into three parts—(1) “the meanings and uses 
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of symbols, formulas and equations as well as the fundamental reactions, 
and lasts twelve or fourteen weeks”; (2) the study of ithe non-metals. 
“During this portion of the course the subject of oxidation in the wet 
way is thoroughly taken up’; (3) the metals and review. A character- 
istic point in the experiments is the failure to word them so that the 
result is predicted. ° 

The book contains Part I, Experiments; Part II, Fundamental Ideas; 
Part III, More Advanced Theory; Part IV, Miscellany, Questions for 
Review, Simple Problems, ete. 

The insertion of Part Il marks a decided advance over other laboratory 
manuals, It contains definitions of al) fundamentals, lists of oxidizing 
and reducing agents with descriptions of how they act, the full mean- 
ings of chemical symbols, formulas and equations. All explanations 
are characterized by brevity and clearness. 

Many schools would have difficulty in minor details in performing the 
experiments on gases as described, but the great majority of the experi- 
ments are unusually good. Particular commendation of the experi- 
ments illustrative of the making of salts is deserved. The apparatus 
needed is very simple and, on the whole, inexpensive. As a book full 
of suggestion to teachers, it is unsurpassed. F. T. J. 


First-Year Mathematics for Secondary Schools. Pp. xv + 181. 1907. 
Net, $1.00. Postpaid, $1.09. 

Geometric Exercises for Algebraic Solution. Pp. ix + 71. 1907. Net, 
75 cents. Postpaid, 82 cents. 

By Dr. George W. Myers, Professor of the Teaching of Mathematics and 
Astronomy, College of Education of the University of Chicago, and 
the Instructors in the University High School of the University of 
Chicago. University of Chicago Press, University of Chicago, and 
156 Fifth Avenue, New York. 


These books are the first volumes of a series designed to do away 
with the present artificial divisions of the mathematical course, and 
to relate the study to the pupil's whole experience. Though it is not 
possible in most schools at the present time to break away from the 
established order of presenting the subjects, teachers who are in- 
terested in this problem will find much in First-Year Mathematics 
which will help them to make a beginning. 

The author thus describes the book: “First-Year Mathematics is 
a stage of study of the practical educational problem of inducting 
beginners in secondary school mathematics into the diversified field 
of this science, through the agency of a body of unified mathematical 
material, drawn from algebra, arithmetic, geometry, and from the 
rudiments of quantitative science. The backbone of the year’s work 
is algebra, into which the material drawn from kindred fields artieu- 
lates. The book is not a finished text, but a distinct step toward a text 
that shall be adapted to first-year maturity, and in conformity with the 
modern trend of educational thought.” 

In the first four chapters positive and negative numbers are defined 
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and illustrated, and the operations of addition, subtraction, and multi- 
plication are considered. The law of signs for multiplication is ob 
tained by using a bar, a sliding pulley and weights. The equation is 
first used in applied problems and in problems concerning the sum 
of the three angles of a triangle, and the angles of polygons. Algebraic 
expressions are derived by abbreviating the operations of arithmetic; 
and the formulas of the circle and sphere, motion and mensuration 
furnish the expressions for evaluation. In Chapter X, Representation 
ot Quantity, problems of heights and distances are solved by drawing 
to scale, and by the use of similar triangles. In Chapter XI the equa- 
tion is applied to simple problems on beams. Experiments are made 
to show two laws of parallel forces, and this leads to such problems 
as: “A box 12 ft. long of a three-horse coal wagon is loaded with 
6 tons of coal. If. the box extends 2 ft. in front of the front axle 
and 4 ft. back of the rear axle, what are the weights on the front and 
rear axles?’ It seems that no use has been found for squared paper 
till the middle of the year, and then no real problems are solved. La- 
eating points by means of numbers, picturing laws connecting numbers 
and the representation and solution of equations. are the only graphic 
problems treated. It is to be hoped that the authors in their experi- 
mentation will see if it is not possible to introduce the use of squared 
paper early and apply it to the solution of problems. The last hun- 
dred pages of the book are given largely to the usual operations and 
problems of algebra. Tossibly the addition of a considerable number 
of applied problems would render this part of the book of more value. 

Geometric Exercises for Algebraic Solution is a book which ought 
to be in the hands of every pupil who is studying geometry. Why 
should not the pupil hold the ground he has won by hard work in first- 
year algebra, and add new territory while studying geometry? In 
this manual the exercises are so chosen as to cover algebra through 
quadratics, and it can be used without any disturnance of existing 
programs. Moreover, the exercises seem to follow naturally certain 
definitions and theorems. On complementary «angles there are 23 
exercises; on angles of a scalene triangle, 12; on angles of a right 
triangle, 31; on angles measured by ares of circles, 24; on rectangles, 
28; on scalene triangles, 76; on cubes, 18; on prisms and pyramids, 18; 
and so on, a total of about 600 exercises. 

The publishers by the excellence of their workmanship have put these 
two volumes in very attractive form. H. E. C. 
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C by E M iST R Y 295 Incomplete Equations. Second Edition 


a AS = Methods of Solving Numerical Problems. Classified 
460 Problems and Questions. Enlarged 


A L GC E B R A About 500 Problems and Questions. Classified 


Compiled from recent College Entrance Examinations— 
Board, Case, Cornell, Harvard, M. I. T., Princeton, Regents, Yale— 


P H Y Ss l cS 400 Problems and Questions. 


For each pamphlet wholesale price, or teacher’s sample copy, 30 cents. 


GEOMETRY AND TRIGONOMETRY 1» preparation.) 


Address FRANKLIN T. JONES, University School, Cleveland, Ohio. 





























Sensible, Useful Gifts for the Holidays 
ATTRACTIVELY PACKED IN HANDSOME SINGLE PAIR BOXES 

They contain more and better rubber than any other make. have gold- 

gilt non-rasting metal parts and strong cord ends that cannot wear 

through. The new back free action permits ease and comfort no 

matter what position the body may assawe. 

They outwear three ordinary kinds, which means 

three ¢ times the service of usual 50 cent sorts. 

Most Comfortable Suspender Made for Man. Youth or Boy 

In =. ight, Heavy or Extra pnd Weights, Extra Long (No Extra Cost) 


ey make ine sive gifts every man, youth or a st. Boston, gladly "tiers. 
HEWES & POTTER, Dept. os;, 87 


Our useful But Doe Susrexper Comp anv Case mailed for 10c. postage. ae 
booklet, ‘ ‘Style, or How to Dress Correctly,’’ free if you mention this publication 
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A Mathematical Solution Book 


B. F. FINKEL, A.M,.M . Sc., Ph.D., 


Member of the American Mathematical Society, Member of the London Mathematical Society, 
Editor of the American Mathematical Monthly, and Professor of Mathematics and 
Physics in Drury College, Springfield, Mo. 


FOURTH EDITION—REVISED AND ENLARGED. 


8vo. Cloth. 549 pages, 14 full page half-tone engravings of noted mathematicians, 
and 160 wood-cuts. 


PRICE, $2.00 


HIS book was written with a view to supplying the wants of teachers of Arith 

metic and Algebra in High Schools and Academies as well as those who are 

teaching in country schools. The author’s varied experience as a teacher in 
he country for four years, as superintendent of city schools for three years, a 
teacher of Mathematics in Academies for four years, and as Professor of Mathe- 
matics in Drury College for the past ten years, has peculiarly fitted him to write a 
book on Mathematics well suited to all classes of teachers. 


By a special arrangement with the Publisher we can offer this book with 
SCHOOL SCIENCE AND MATHEMATICS for a year for $3.00. 














MANUAL OF 


BIOLOGICAL PROJECTION 


AND 


ANESTHESIA OF ANIMALS 


A Practical Guide in the Selection and Operation of Projection Apparatus, the 
Methods of Preparing Live Animals and Plants for Projection, the Anes- 
thesia of Animals, and the Little Knacks in Manipulation Which Insure 
Success in Projecting Vivographs. 


BY 
A. H. COLE, A. M., 


Instructor in Biology and Projection in the Chicago Normal School 
1907 
Pages 200. 28 figures. Price $1.50. Postage 15 cents. 


Prof. Caldwell in a recent review says, ‘‘Mr. Cole’s book is so full of val- 
uable suggestion as to make it most welcome to all who teach biological sub- 
jects.” 

Every teacher should possess a copy. By a special arrangement we can 
offer for a short time this most invaluable work as a premium to our subscribers. 

ScHOOoL ScIENCE AND MATHEMaTics for one year and Cole’s Manual of Pro- 
jection will be sent postpaid for $3.15. If you are already a subscriber, extend 
your subscription a year and receive the book. 


SCHOOL SCIENCE AND MATHEMATICS “°(fiexes, itr* 














Please mention School Science and Mathematics when answering advertisements. 
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Microscopes 








For Schooi 
and 
College Use 


Can be imported free 
of duty at a saving of 
from 35 to 40% from 
the American prices. 

We import micro- 
scopes for the largest 
institutions in the 
country. 


The New 
Reflecting 
Lantern 


for showing on the screen opaque objects, 
book illustrations, engravings and lantern 
slides, is the most perfect instrument of its 
kind. It has a detachable Book-Holder. 
Concentrates all light on the object. Shows 
printed matter correctly. 

Lantern Slides and Microscopic Slides 


illustrating Botany, Geology and other 

sciences. Lists on application. 
WILLIAMS,.BROWN & EARLE 

Dept. 9, 918 Chestnut Sireet, Philadelphia, Pa. 

















Yours for Biological Supplies, 


A. A. SPHUNG 


WHOLESALE FROGS, CLAMS 
TURTLES AND CRAWFISH 


NORTH !JUDSON, 
Material for Schools and Colleges 
a Specialty. Consignments made IND 


to all parts of the world. 








WM. GAERTNER & CO. 














ASTRONOMICAL AND PHYSICAL'APPARATUS 


5345-5349 Lake Ave. 
CHICAGO, ILL. 


Specialties 
High Grade Physical Apparatus 


for Laboratory and Lecture 
Room 


Complete Astronomical Equip- 
ments 





Laboratory and Demonstration 
Apparatus for Millikan & 


LABORATORY AND STUDENTS’BALANCE Gale’s Course 
Please mention School Science and Mathematics when answering advertisements. 











Che Bridge Ceachers’ Agency © * Fon. 
2A BEACON STREET, BOSTON 
College, Academic and High School Work a Specialty. Send for Agency M ' 





B. F. CLARK CHICAGO, 17 E. Van Buren St. 17th Year 


The Clark Teachers’ Agencies 


NEW YORK, 156 Fifth Ave. BOISE, IDAHO 








CHICAGO OFFICE: 


The Fisk Teachers’ Agency = 487s sunpic 


25th Year. Over 25,000 positions filled 
MANAGERS~—Herbert F. Fisk, Ernest E. Olp, George T. Palmer, Marion Holmes, Emma Drought, 


OTHER OFFICES—Boston, New York, Washington, Minneapolis, Denver, Spokane, Portland, Berkeley, 
Los Angeles. 


Manual and Membership Form sent on Application 





INSTITUTE BUREAU 


Majestic Building 
Chicago 
You should be a member of this organization if you are or expect 
to be employed as a teacher, principal, superintendent, professor, or 
president in an academy, high school, normal, college, or university. 
Membership will give you a high rating. If you are out of a position, 
or wish to secure a better one, or promotion in the present one, we can 
help you. Call or write for particulars. 





MIDLAND SCHOOLS TEACHERS’ AGENCY 


602 Youngerman Bldg., DES MOINES, IOWA. 


1. Will enroll only good teachers. 
2. Will place those teachers in touch with the best paying positions in the 


Mipp.e SraTeEs, and the Great West and NoRTHWEST 
3. Will ably assist worthy teachers to deserved positions. 
4. Will not recommend a poor teacher. 
5. Will send full particulars on request. 
WRITE FOR OUR PLANS TO-DAY. SPECIAL TERMS TO 
COLLEGE AND NORMAL GRADUATES. 








L. E. Knott oo Co. | SCHOOL SCIENCE and MATHE. 


BOSTON, MASS. 


ee EE MATICS will do your printing 
LABORATORY EQUIPMENT as reasonable as any firm. 


Furniture and Apparatus for the departments of 
Chemistry, Physics and Biology. 


Please mention School Science and Mathematics when answering advertisements. 
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